Geology of Ford Creek area Sawtooth Range Montana by Langfield, Peter Michael
University of Montana 
ScholarWorks at University of Montana 
Graduate Student Theses, Dissertations, & 
Professional Papers Graduate School 
1967 
Geology of Ford Creek area Sawtooth Range Montana 
Peter Michael Langfield 
The University of Montana 
Follow this and additional works at: https://scholarworks.umt.edu/etd 
Let us know how access to this document benefits you. 
Recommended Citation 
Langfield, Peter Michael, "Geology of Ford Creek area Sawtooth Range Montana" (1967). Graduate 
Student Theses, Dissertations, & Professional Papers. 7154. 
https://scholarworks.umt.edu/etd/7154 
This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of 
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an 
authorized administrator of ScholarWorks at University of Montana. For more information, please contact 
scholarworks@mso.umt.edu. 
GEOLOGY OF FORD CREEK AREA 
SAWTOOTH RANGE, MONTANA
by
P e te r  M, L a n g f le ld  
B. A . U n iv e r s i t y  o f  M o n ta n a , 1962
P re s e n te d  in  p a r t i a l  f u l f i l l m e n t  o f  
th e  re q u ire m e n ts  f o r  th e  d e g re e  o f
M a s te r  o f  S c ie n c e
UNIVERSITY OF MONTANA 
1967
C h a irm a n , Board o f  E x am in e rs
Deapt^ G ra d u a te  S c h o o l
OCTl 0 1967
D a te
UMI Number: EP37955
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
UMT
OisMTta(k>n PuWish»ng
UMI EP37955
Published by ProOuest LLC (2013). Copyright in the Dissertation held by the Author.
Microform Edition © ProOuest LLC.
All rights reserved. This work is protected against 
unauthorized copying under Title 17, United States Code
ProQ̂ sC
ProOuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106 - 1346
TABLE OF CONTENTS
Page
ABSTRACT .......................................................................................................................................................  V
INTRODUCTION ............................................................................................................................................. 1
L o c a t io n  and A c c e s s i b i l i t y  ..............................................................................................  1
P re v io u s  W o r k ..................................................................................................................................  1
P re s e n t  S tudy ..................................................................................................................................  4
A cknow ledgem ents ........................................................................................................................ 6
GEOMORPHOLOGY .......................................................................................................................................  7
Top ography  and D ra in a g e  ........................................................................................................  7
G la c ia t io n  .......................................................................................................................................  8
STRATIGRAPHY .......................................................................................................................................  12
G e n e ra l S ta te m e n t ........................................................................................................................ 12
P re c a m b ria n  ( B e l t  S u p erg ro u p ) ........................................................................................  13
A h o rn  F o r m a t i o n ..................................................................................................................  13
C a m b r i a n ............................................................................................................................................  15
F la th e a d  S andstone .............................................................................................................  13
G ordon S h a le  .............................................................................................................................  17
D a m n atio n  L i m e s t o n e ..............................................     17
D e a rb o rn  L im e s to n e  ........................................................................................................  18
Pagoda L im e s to n e  .............................................................................................................  19
S team bo at L im e s to n e  ........................................................................................................  20
S w itc h b a c k  S h a le  . . . . .  .................................................................................... 21
D e v i ls  G le n  D o l o m i t e ....................................................  22
Page
D e v o n i a n .............................................................................................................................................  24
M ls s ls s lp p ia n  ..................................................................................................................................  27
M a d is o n  Group ........................................................................................................................  27
A l l a n  M o u n ta in  L im e s to n e  ...................................................................................  28
C a s t le  R e e f D o l o m i t e ..............................................................................................  28
J u r a s s i c ............................................................................................................................................. 30
E l l i s  G r o u p .............................................................................................................................  30
S aw to o th  F o rm a tio n  ...................................................................................................  30
R ie rd o n  F o rm a tio n  ...................................................................................................  30
S w i f t  F o rm a tio n  ......................................................    31
M o r r is o n  F o rm a tio n  ........................................................................................................  32
C r e t a c e o u s .......................................................................................................................................  34
K o o te n a i F o r m a t io n ..............................................................   34
Q u a t e r n a r y ...................................................................................   37
IGNEOUS ROCKS ........................................................................................................................................ 38
STRUCTURAL GEOLOGY .............................................................................................................................  40
S t r u c t u r a l  ' g e t t i n g ................................................................................................................... 40
F o ld s  .................................................................................................................................................. 41
F a u l t s ..................................................................................................................................................  44
N o rm al .    4 4
T h r u s t .............................................................................................    4 5
Sequence o f  G e o lo g ic  E v e n ts  ..............................................................................................  50
REFERENCES CITED  .............................................................................................................................. 56
APPENDIX ..................................................................................................................................................  59
LIST OF ILLUSTRATIONS
Page
P la t e  1. G e o lo g ic  map and c ro s s  s e c t io n s
o f  th e  F o rd  C re e k  A r e a ......................................................................i n  p o c k e t
F ig u r e  1. In d e x  map show ing lo c a t io n  o f  map
a r e a  i n  M o n t a n a .........................................................................................  2
F ig u r e  2 . In d e x  map show ing a re a  o f  s tu d y
and p h y s io g ra p h ic  f e a t u r e s  ...............................................................  3
F ig u r e  3 . Map show ing lo c a t io n  o f  S aypo , S i l v e r t i p ,
Ovando and Coopers Lake  q u a d ra n g le s  ..................................... 5
F ig u r e  4 . Map show ing d i r e c t io n  o f  ic e  f lo w  i n  th e  map
a r e a ,  and th e  g l a c i a l  g e o lo g y  on th e  a d jo in in g
p l a i n s .........................    9
F ig u r e  5. V ie w  show ing P re c a m b r ia n , C am b rian  and
D e v o n ia n ,ro c k s  exposed on n o r th e a s t
lim b  o f  a sync l i n e   ..............................................................................  14
F ig u r e  6 . V ie w  show ing th e  c e n t r a l  fo ld e d  a r e a ......................................  36
F ig u r e  7 . V ie w  show ing th e  f r o n t  o f  th e  S aw to o th  Range . . . .  41
F ig u r e  8 . V ie w  show ing  P re c a m b ria n  ro c k s  t h r u s t
o v e r  D e v o n ia n  r o c k s ..............................................................................  48
F ig u r e  9 . H y p o t h e t ic a l  p a t t e r n  o f  f a u l t i n g  ................................................  55
T a b le  1. S t r a t ig r a p h ie  s e c t io n  f o r  th e  F o rd  C ree k  a r e a  . . .  11
ABSTRACT
The F o rd  C re e k  a r e a  I s  lo c a te d  in  th e  S a w to o th  R ange, 20 m ile s  
s o u th w e s t o f  A u g u s ta , M o n ta n a , and c o v e rs  an a r e a  o f  a b o u t 38 s q u a re  
m ile s .  Exposed s e d im e n ta ry  fo r m a t io n  t o t a l  a b o u t 5 ,8 6 0  f e e t  i n  t h i c k ­
ness  and a r e  m a in ly  P re c a m b ria n  to  C re ta c e o u s  in  a g e . Ig n e o u s  ro c k s  o f  
p ro b a b le  p re -L a ra m id e  age a r e  re p re s e n te d  by a q u a r tz  d i o r i t e  s i l l  in  
P re c a m b ria n  ro c k s  in  th e  n o r th w e s te rn  p a r t  o f  th e  map a r e a ,  and by a 
q u a r tz  d i o r i t e  to  d ia b a s e  s i l l  i n  D e v o n ia n  ro c k s  in  th e  s o u th c e n t r a l  
p a r t  o f  th e  map a r e a .
The o ld e s t  ro c k s  exposed b e lo n g  to  th e  A horn F o rm a tio n  o f  th e  l a t e  
P re c a m b ria n  B e l t  S u p e rg ro u p . They c o n s is t  o f  th in -b e d d e d  re d  a r g i l l i t e ,  
and have  an exposed th ic k n e s s  o f  a b o u t 4 00  f e e t .  A p p ro x im a te ly  1 ,8 0 0  
f e e t  o f  M id d le  and U pper C am b rian  r o c k s , c o n s is t in g  o f  a b a s a l san d , 
s h a le  and t h in  to  m a s s iv e ly -b e d d e d  c a rb o n a te s  d is c o n fo rm a b ly  o v e r l i e  th e  
A horn  F o rm a tio n . The D e v o n ia n  System  c o n s is ts  o f  a b o u t 1 ,0 0 0  f e e t  o f  
c a rb o n a te  ro c k s  t h a t  d is c o n fo rm a b ly  o v e r l i e  th e  C am b rian  S ystem . The  
M ad iso n  Group o f  M is s is s ip p ia n  age i s  a b o u t 1 ,3 0 0  f e e t  t h ic k  and c o n s is ts  
o f  a lo w e r  l im e s to n e  u n i t  and an u p p e r d o lo m ite  u n i t . T h re e  hun d red  and  
tw e n ty  f e e t  o f  m a r in e  M id d le  and U pper J u r a s s ic  ro c k s  o f  th e  E l l i s  G roup , 
and 195  f e e t  o f  n o n -m a r in e  U p per J u r a s s ic  ro c k s  o f  th e  M o rr is o n  F o rm a tio n  
a r e  o v e r la in  by 900 to  1 ,0 0 0  f e e t  o f  n o n -m a r in e  Low er C re ta c e o u s  ro c k s  o f  
th e  K o o te n a i F o rm a tio n . Q u a r te r n a r y  g l a c i a l  and s tre a m  d e p o s its  o c c u r in  
v a l l e y s  o c c u p ie d  by m a jo r  d r a in a g e s .
-  V I  —
N o rm al and t h r u s t  f a u l t s  a r e  th e  m a jo r  g e o lo g ic  s t r u c t u r e s  i n  th e  map 
a r e a .  A l l  f a u l t s  t r e n d  n o r th w e s t  and d ip  to  th e  s o u th w e s t. Based on th e  
i n t e n s i t y  o f  d e fo r m a t io n ,  th e  a re a  o f  p r e s e n t  s tu d y  i s  d iv id e d  in t o  a 
s o u th w e s te rn  a r e a ,  a c e n t r a l  c lo s e ly  fo ld e d  a re a  and a n o r th e a s te r n  a r e a .  
The s o u th w e s te rn  a re a  l i e s  w e s t o f  th e  L e w is  t h r u s t ,  and i s  c h a r a c t e r iz e d  
by b ro a d , g e n t le  and n e a r ly  s y m m e tr ic a l f o ld s  in  P re c a m b ria n  and P a le o z o ic
r o c k s ,  and by t h r u s t  f a u l t s .  The L e w is  t h r u s t  and a t h r u s t  f a u l t  i n  P r e ­
c a m b ria n  ro c k s  i n  th e  e x tre m e  s o u th w e s t c o rn e r  o f  th e  map a r e a  d ip  b etw een  
45 and 50 d e g re e s  to  th e  s o u th w e s t, and have  s t r a t i g r a p h ie  th ro w s  w h ic h  
exceed  5 ,0 0 0  f e e t .
The c e n t r a l  c lo s e ly  fo ld e d  a re a  l i e s  b etw een  th e  L e w is  t h r u s t  and  
th e  N o r th  F o rk  o f  F o rd  C re e k . T h is  a re a  i s  c h a r a c t e r iz e d  by w e s tw a rd -  
d ip p in g  n o rm a l and t h r u s t  f a u l t s ,  and by t i g h t ,  o v e r tu r n e d  and d o u b ly  
p lu n g in g  f o ld s  i n  C re ta c e o u s  and J u r a s s ic  r o c k s . F o u r t h r u s t  f a u l t s  and  
two n o rm a l f a u l t s  o c c u r in  t h i s  a r e a .  The t h r u s t s  in  D e vo n ian  and M is s is ­
s ip p ia n  ro c k s  d ip  b etw een  38 and 50 d e g re e s  to  th e  s o u th w e s t, and have  
s t r a t i g r a p h ie  th ro w s  o f  a b o u t 2 ,8 0 0  f e e t .  A t h r u s t  in  M eso zo ic  ro c k s  
d ip s  b e tw een  50 and 60 d e g re e s  to  th e  s o u th w e s t and has a s t r a t i g r a p h ie  
th ro w  o f  a b o u t 700 f e e t .  N o rm al f a u l t s  n e a r  th e  N o r th  F o rk  o f  F o rd  C ree k  
and a t  Wood Lake  d ip  b etw een  50 and 60 d e g re e s  to  th e  s o u th w e s t, and have
d ip  s l ip s  o f  500 and 1 ,5 0 0  f e e t  r e s p e c t iv e ly .
The n o r th e a s te r n  a re a  l i e s  e a s t  o f  th e  N o r th  F o rk  o f F ord  C re e k , and  
i s  c h a r a c t e r iz e d  by lo w -a n g le  t h r u s t  f a u l t s  and by g e n t le  to  o v e r tu rn e d  
f o ld s .  Two t h r u s t  f a u l t s  in  M is s is s ip p ia n  ro c k s  d ip  35 and 41 d e g re e s  
to  rh e  s o u th w e s t and have s t r a t i g r a p h ie  th ro w s  o f  a b o u t 2 ,8 0 0  f e e t .
vil
T h re e  phases o f  L a ra m id e  d e fo r m a t io n  a r e  re c o g n iz e d  i n  th e  map a re a :  
( 1 ) an e a r ly  c o m p re s s io n a l phase w h ic h  f i r s t  p rodu ced  f o ld in g ,  fo llo w e d  
by im b r ic a t e  t h r u s t in g  as c o m p res s io n  c o n tin u e d , ( 2 )  a phase o f  r e la x a  
t i o n  o f  c o m p res s iv e  fo r c e s  w h ich  r e s u l t e d  i n  n o rm a l f a u l t i n g ,  and ( 3 )  a 
renew ed c o m p re s s io n a l phase w h ich  p ro d u ced  t h r u s t s  t h a t  o v e rro d e  e a r l i e r  
d e v e lo p e d  s t r u c t u r e s .
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INTRODUCTION 
L o c a tio n  and A c c e s s ib i l i t y
The a r e a  mapped em braces a p p ro x im a te ly  38  s q u a re  m ile s  and i s  
lo c a te d  n e a r  th e  e a s te r n  f r o n t  o f  th e  S a w to o th  R ange , a p p ro x im a te ly  
20 m ile s  s o u th w e s t o f  A u g u s ta , M ontana ( F ig u r e s  1 and 2 ) .  The  
e a s te r n  map b o u n d a ry  c o in c id e s  w i t h  th e  L ew is  and C la r k  N a t io n a l  
F o re s t  B o u n d a ry .
The F o rd  C reek  a r e a  i s  a c c e s s ib le  v i a  th e  W il lo w  C reek  R oad , 
S m ith  C reek Road and Bench M ark Road fro m  A u g u s ta , b u t  o n ly  th e  
l a t t e r  t r a v e r s e s  th e  mapped a r e a .  The s e c t io n  o f  th e  Bench Mark 
Road w i t h in  th e  Lew is and C la r k  N a t io n a l  F o r e s t  i s  m a in ta in e d  
d u r in g  th e  s p r in g ,  summer and e a r l y  f a l l ,  b u t  i s  im p a s s ib le  d u r in g  
th e  w in t e r  months due t o  snow c o n d it io n s .  F o re s t  S e r v ic e  t r a i l s ,  
w h ic h  f o l lo w  m a jo r  d r a in a g e s ,  p r o v id e  access t o  th e  more rem o te  
p a r t s  o f  th e  a r e a .
P re v io u s  Work
The f i r s t  s i g n i f i c a n t  s tu d y  i n  th e  S a w to o th  Range was by  
S te b in g e r  ( 1 9 1 8 ) ,  who mapped th e  B ir c h  C re e k -S u n  R iv e r  a re a  t o  
d e te rm in e  th e  o i l  and gas p r o s p e c ts .  Be van  (1 9 2 9 )  d e s c r ib e d  th e  
s t r u c t u r e  o f  th e  S aw to o th  Range as a zone o f  o v e r t h r u s t  b lo c k s  
t h a t  re s e m b le  th e  s t r u c t u r e  o f  th e  S c o t t is h  H ig h la n d s . D e is s
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Figure 1 - Index map showing location of map area (shaded) in Montana
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Figure 2 - Index map showing area of study and physiographic features
( 1 9 3 3 ,  1 9 3 5 , 1 9 3 6 , 1 9 3 8 , 1 9 3 9 , 1 9 4 3 a ,b )  p u b lis h e d  p a p e rs  on th e  
s t r u c t u r e ,  s t r a t ig r a p h y  and C am brian  t r i l o b i t e s  o f  th e  F la t h e a d ,  
Lew is  and C l a r k ,  and S a w to o th  Ranges ( F ig u r e  3 ) ,  and mapped most 
o f  h is  a r e a  o f  s t u d y ,  b u t  th e  maps w ere  n e v e r  p u b l is h e d .  C lapp  
(1 9 3 2 1  1 9 3 3 ) and D e is s  (1 9  3 3 ) mapped m ost o f  th e  Coopers Lake  
q u a d ra n g le  and c a r r i e d  th e  m apping n o r th  i n t o  th e  Saypo q u a d ra n g le  
(F ig u r e  3 ) .  C lapp  (1 9 3 2 )  p u b lis h e d  a g e o lo g ic  map o f  n o r th w e s te rn  
M ontana on th e  s c a le  o f  1 : 5 0 0 ,0 0 0 .  S lo s s  and L a i r d  ( 1 9 4 5 ,  1 9 4 7 )  
p u b lis h e d  p a p e rs  on D evo n ian  and M is s is s ip p ia n  s t r a t ig r a p h y  o f  
n o r th w e s te rn  M ontana . S lo s s  ( 1 9 4 6 ,  1 9 5 0 ) p u b lis h e d  a  p a p e r  on 
D evo n ian  s t r a t ig r a p h y  o f  w e s te rn  M ontana and a  p a p e r  on P a le o z o ic  
s e d im e n ta t io n  in  th e  M ontana a r e a .  A n d ric h u k  (1 9 5 5 )  s tu d ie d  
C a rb o n ife ro u s  s t r a t ig r a p h y  i n  n o r th w e s te rn  M ontana and s o u th w e s te rn  
A lb e r t a .  Mudge (1 9 5 9 )  p u b lis h e d  a b r i e f  summary o f  th e  g e o lo g y  o f  
th e  Sun R iv e r  a re a  and M udge, e t  a l .  ( 1 9 6 2 )  mapped and d e s c r ib e d  
M is s is s ip p ia n  ro c k s  in  th e  Sun R iv e r  Canyon a r e a .  Cobban (1 9 4 5 )  
s tu d ie d  J u r a s s ic  s t r a t ig r a p h y  in  M o n ta n a , and d e s ig n a te d  a re a s  in  
th e  S a w to o th  Range as ty p e  l o c a l i t i e s  f o r  th e  fo rm a tio n s  o f  th e  
E l l i s  G roup .
P re s e n t  S tu d y
A p p ro x im a te ly  50 days w ere s p e n t in  th e  f i e l d  b e tw een  June and  
August o f  1 9 6 3 . G e o lo g ic  d a ta  w ere  p l o t t e d  on U .S . F o re s t  S e r v ic e  
a e r i a l  p h o to g ra p h s  a t  s c a le  1 : 2 0 ,0 0 0 ,  f lo w n  i n  1956 and on U .S .
114 113* 112'
C A N A D A :_ 
MONTANA
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I
ui
t
Figure 3 - Map showing location of (1) Saypo, (2) Silvertip, (3) Ovando, and (4) Coopers
Lake quadrangles; Sawtooth Range (shaded), Lewis and Clark and Flathead Ranges. 
Ford Creek area is shown in solid black.
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F o re s t  S e r v ic e  p la n im e t r ic  maps a t  a  s c a le  o f  2 in c h e s  t o  th e  m i le .  
P h o to  d a ta  w ere  l a t e r  t r a n s f e r r e d  t o  th e  p la n im e t r i c  maps by  
in s p e c t io n .  The Coopers Lake q u a d ra n g le  s h e e t  was used  f o r  e le v a t io n  
c o n t r o l  i n  c o n s t r u c t in g  c ro s s  s e c t io n s .  E x c e p t f o r  tw o  t r a v e r s e s  by  
s a d d le  h o rs e  t o  th e  e x tre m e  s o u th w e s t c o m e r  o f  th e  a r e a ,  th e  a r e a  
was t r a v e r s e d  on f o o t  t o  d e te rm in e  th e  g e o lo g y .
L a b o ra to ry  in v e s t ig a t io n s  in c lu d e  th e  e x a m in a t io n  o f  ro c k  sam ples  
u n d e r a  b in o c u la r  m ic ro s c o p e  and th e  s tu d y  o f  20 t h i n  s e c t io n s .  The  
ro c k  c l a s s i f i c a t i o n  used i s  t h a t  o f  P e t t i j o h n  ( 1 9 5 9 ) .  Rock c o lo r s  
w ere d e te rm in e d  fro m  a Rock C o lo r  C h a rt (G o d d a rd , e t  a l .  1 9 5 1 ) on 
d ry  c u t s u r fa c e s .
Acknow ledgem ents
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GEOMORPHOLOGY 
T op ography  and D ra in a g e
The S a w to o th  Range i s  a  s e r ie s  o f  c lo s e ly  s p a c e d , n o r th w e s t  
t r e n d in g  p a r a l l e l  r id g e s  t h a t  s ta n d  2 ,0 0 0  t o  3 ,0 0 0  f e e t  above th e  
p la in s  t o  th e  e a s t .  I t  i s  2 t o  13 m ile s  i n  w id t h ,  85 m ile s  in  
l e n g t h ,  and i s  s l i g h t l y  convex to w a rd  th e  p l a i n s .  The map a r e a  
i s  lo c a te d  n e a r  th e  e a s te r n  f r o n t  o f  th e  r a n g e ,  and i s  a p p ro x im a te ly  
15 m ile s  n o r th  o f  i t s  s o u th e rn  te rm in u s  ( F ig u r e  3 ) .
Crown and C yan id e  M o u n ta in s  a re  th e  h ig h e s t  p o in ts  i n  th e  map 
a r e a ,  h a v in g  e le v a t io n s  o f  8 ,4 0 0  f e e t  and 7 ,8 0 0  f e e t  r e s p e c t iv e ly ;  
most o f  th e  o t h e r  r id g e s  and in t e r v e n in g  v a l le y s  ra n g e  b etw een  
e le v a t io n s  o f  6 ,0 0 0  and 7 ,0 0 0  f e e t .  The lo w e s t e l e v a t i o n ,  4 ,9 5 0  
f e e t ,  i s  lo c a te d  w here  F o rd  C reek  le a v e s  th e  map a r e a  on th e  e a s t .
The n o r th w e s t -s o u th e a s t  d ra in a g e s  i n  th e  map a r e a  a re  s t r u c t ­
u r a l l y  c o n t r o l le d ,  h a v in g  p a t t e r n s  o f  th e  f a u l t - t r e l l i s  t y p e .  The  
m a jo r  s t r u c t u r a l  f e a t u r e s  t r e n d  n o r th w e s t ,  and th e s e  s t r u c t u r e s  had  
a m arked e f f e c t  on th e  d e v e lo p m e n t o f  su b seq u e n t d ra in a g e  p a t t e r n s .  
R id g es  b e tw een  t r i b u t a r i e s  o f  th e  m a jo r  d ra in a g e s  a re  composed 
m a in ly  o f  l im e s to n e  o f  th e  M adison Group w h ereas  th e  in t e r v e n in g  
v a l le y s  a re  u n d e r la in  by le s s  r e s i s t a n t  m udstones and s a n d s to n e s  o f  
J u r a s s ic  and e a r l y  C re ta c e o u s  a g e .
The n o r t h w e s t e r ly  f lo w in g  s tre a m s  f o l lo w  th e  s t r i k e  o f  th e  
s t r a t a  and occupy r e l a t i v e l y  b ro a d  v a l le y s  w h ic h  a re  th e  r e s u l t  o f
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d i f f e r e n t i a l  e r o s io n  a lo n g  f a u l t s  o r  a lo n g  s o f t  n o n - r e s is t a n t  b e d s .
The c o u rs e  o f  S t r a ig h t  C reek  i s  c o n t r o l le d  b y  d i f f e r e n t i a l  r e s i s ­
ta n c e  o f  C am brian  c a rb Œ ia te s  w h ereas  Wood C reek  o c c u p ie s  a  f a u l t -  
l i n e  v a l l e y  ( F ig u r e  8 ) ,  w h ic h  i s  a ls o  a s t r i k e  v a l l e y  (T h o m b u r y ,
1 9 6 1 , p . 1 1 4 ) .  Crown C reek  fo l lo w s  th e  a x is  o f  a b re a c h e d  a n t i ­
c l in e  f o r  s e v e r a l  m ile s  and d r a in s  i n t o  S t r a ig h t  C reek  w e s t o f  th e  
map a re a *
The e a s t e r ly  f lo w in g  W il lo w ,  F o r d , P e t t y  and S m ith  C reeks  
f o l lo w  c o u rs es  t r a n s v e r s e  t o  g e o lo g ic  s t r u c t u r e s  and fo rm  deep  
canyons i n  th e  m ass ive  M adison f a u l t  b lo c k s *  S i m i l a r  d ra in a g e  
p a t t e r n s  a re  fo u n d  e ls e w h e re  on th e  e a s t  f la n k  o f  th e  S aw to o th  
R ange; Mudge ( 1 9 5 9 ,  p . 1 8 )  s t a t e s  t h a t  th e  Sun R iv e r  Canyon i s  j o i n t
c o n t r o l le d  and i s  in c is e d  a lo n g  a  zone o f  w eakness*
G la c ia t io n
E v id e n c e  o f  P le is to c e n e  g l a c i a t io n  o c c u rs  i n  th e  map a r e a ,  
and s tu d ie s  b y  A ld en  (1 9  3 2 ) in d ic a t e  t h a t  th e  S a w to o th  Range and th e  
p la in s  a d ja c e n t  t o  th e  ra n g e  f r o n t  have  been  g la c ia t e d *  He has shown 
t h a t  n o r t h - t r e n d in g  m o ra in e s  lo c a t e d  a p p ro x im a te ly  5 m ile s  e a s t  o f  
th e  map a r e a  ( F ig u r e  4 )  w ere  d e p o s ite d  by th e  la r g e  Sun R iv e r  P iedm on t
G la c ie r  t h a t  c o v e re d  an a r e a  o f  more th a n  200 s q u a re  m ile s *  G la c ie r s
o c c u p ie d  e a s t -w e s t  t r e n d in g  canyons i n  th e  r a n g e ,  s p re a d  o u t o n to  th e  
p l a i n s ,  and coalesced i n t o  th e  p ied m o n t g l a c i e r *
V a l le y  g la c ie r s  o c c u p ie d  h e a d w a te r  b ra n c h e s  o f  S m ith ,  P e t t y  and
112® 50 II2®40 NtLON LAKE
WILLOW OR.
WOOD LAKE
CYANIDE MTN.
ALPINE 
LAKE
CROWN 
MTN.
------------------- MAP BOUNDARY
47® 20
3 MILES
ground moraines
terminal, recessional and 
lateral moraines
remnants of second or high 
main bench of stream terraces 
and alluvial fans
Figure 4 - Map showing direction of ice flow in the map area. Glacial geology east of map 
area after Alden, 1932,
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W illo w  C reeks  and o v e rro d e  th e  to p s  o f  lo w e r  m o u n ta in s , p ro d u c in g  
U -sh ap ed  canyons t h a t  w id e n  a b r u p t ly  a t  th e  ra n g e  f r o n t .  In  th e  
lo w e r  re a c h e s  o f  th e s e  c a n y o n s , p o s t g l a c i a l  s tre a m s  c u t  100 t o  150  
f o o t  deep V -s h a p e d  n o tc h e s  i n  th e  canyon f l o o r s .  The F o rd  C reek  
d ra in a g e  was g la c ia t e d  i n  i t s  u p p e r re a c h e s  w here  i t  le a v e s  A lp in e  
L a k e , and a lo n g  i t s  n o r t h w e s t e r ly  c o u rs e . The c re e k  le a v e s  A lp in e  
L a k e , a c ir q u e  l a k e ,  th ro u g h  a  h a n g in g  v a l l e y  and f lo w s  n o r t h w e s t e r ly  
f o r  ab o u t a m ile  i n  a  t i g h t  v a l l e y .  I t  th e n  sw in gs  s h a r p ly  t o  th e  
e a s t  and e n te r s  a d e e p ly  in c is e d  V -s h a p e d  canyon on i t s  s o u th e a s t e r ly  
f lo w  t o  th e  p la in s  ( F ig u r e  4 ) .  T h is  p a r t  o f  th e  d ra in a g e  has n o t  
been  m o d if ie d  b y  g l a c i e r s .  A p p ro x im a te ly  one m ile  e a s t  o f  th e  map 
b o u n d ary  and o u t on th e  p l a i n s .  F o rd  C reek  o c c u p ie s  a b ro a d  U -sh a p ed  
c h a n n e l t h a t  has  been  s c o u re d  b y  ic e  to n g u e s  a d v a n c in g  e a s t  fro m  
d ra in a g e s  t o  th e  n o r th  and s o u th  ( F ig u r e  4 ) .
S m a ll c irq u e s  a re  p r e s e n t  n e a r  th e  sum m it on th e  e a s t  and w est 
s id e s  o f  Crown M o u n ta in  and on th e  n o r th w e s t  s id e  o f  C yan id e  M o u n ta in , 
P o o r ly  p re s e rv e d  m o r a in a l and t e r r a c e  d e p o s its  c o n s is t in g  o f  t i l l ,  
s i l t s  and g r a v e ls  w ere  n o t ic e d  on th e  n o r th  bank o f  P e t t y  C reek and  
a lo n g  th e  W illo w  C reek  Road. E r r a t i c s  c o n s is t in g  o f  M adison l im e -
and K o o te n a i s a n d s to n e  w ere  n o t ic e d  i n  th e  v i c i n i t y  o f  N i  Io n
L a k e .
The e x a c t  t im e  in  th e  P le is to c e n e  when th e  f i r s t  g l a c i a t io n  
o c c u rre d  i n  th e  S a w to o th  Range i s  n o t  know n, b u t  A ld e n  (1 9 3 2 )  i n f e r s  
t h a t  a t  l e a s t  tw o  s ta g e s  o f  g l a c i a t io n  h ad  o c c u r re d . T h is  in fe r e n c e  
i s  made on th e  b a s is  o f  an o u te r  and in n e r  m o ra in e  p r e s e n t  on th e
P  '.a in s  w e s t o f  A u g u s ta .
TABLE 1.
STRATIGRAPHY
FORD CREEK AREA
SYSTEM SERIES
GROUP OR 
FORMATION
THICK­
NESS FT.
LITHOLOGY
QUATER­ RECENT ALLUVIUM
S f L T ,  SAND AND GRAVEL RESTR IC TE D  TO V A L L E Y  BOTTOMS AND P L A IN S  EAST OF THE 
MOUNTAIN f r o n t ; NOT D IF F E R E N T IA T E D  FROM G L A C IA L  D R IF T .
NARY
PLEIST GLACIAL DRIFT
UNCONSOLIDATED F L U V I0 -G L A C IA L  SAND AND G R A V E L , POORLY PRESERVED MORAINAL D E P O S ITS  
ALONG EAST D R A IN IN G  STREAMS; NOT D IF F E R E N T IA T E D  FROM A LL U V IU M .
CRETAC
-E C U S LOWER KOOTENAI
9 0 0 -
lOOO
Lo w e r  p a r t  c o n s is t s  o f  l i g h t  b r o w n is h  g r a y ,  f i n e  to  m e d iu m  g r a i n e d  s a n d s t o n e
INTERBEDDED W ITH  REDDISH BROWN S IL T S T O N E S  AND MUDSTONES, O VERLAIN BY GREENISH GRAY, 
COARSE G RAINED NONCALCAREOUS SANDSTONE INTERBEDDED W IT H  GREEN S H A LE S . IN  M IDDLE 
A 1 5  TO 2 0  FOOT U N IT  O F CHERT PEBBLE CONGLOMERATE IS  INTERBEDDED W ITH  THE SHALES.
UPPER
MORRISON 195
A LTE R N ATIN G  MUDSTONES AND LE N T IC U LA R  BEDS OF L IG H T  O L IV E  GREEN TH IN -B E D D E D  SAND­
STO NES. Lo w e r  p a r t  c o n s i s t s  o f  g r e e n i s h  g r a y ,  n o d u l a r  w e a t h e r in g  a r g i l l a c e o u s  
LIM ESTONE IN  BEDS 6  INCHES TO 1 FOOT T H IC K . NONMARINE INVERTEBRATE FRAGMENTS.
o SWIFT 115 Me d iu m  l i g h t  g r a y ,  s i l t y  a n d  c a l c a r e o u s ,  s l i g h t l y  m ic a c e o u s  s h a l e s  i n  t h e  lo w e rPART O V E R LA IN  BY L I  GHT BROWNISH GRAY, F IN E -G R A IN E D , S L IG H T L Y  CALCAREOUS L IM O N IT E  
S T A IN E D  SANDSTONE. WATER-WORN B E LE M N ITE S  IN  LOWER P A R T .
s
MIDDLE
RIERDON 1
w
150
Me d iu m  l i g h t  g r a y ,  f i s s i l e  a n d  c h u n k y  c a l c a r e o u s  s h a l e s  t h a t  w e a t h e r  g r a y is h  o r m ig e
P IN K  IN  LOWER AND UPPER P A R TS . MANY 4  TO 8  INCH TH IC K  BEDS OF MEDIUM GRAY, NODULAR 
LIM ESTONE THAT CO NTAINS ABUNDANT F O S S IL S . E S P E C IA L L Y  Gr Y P H A E A .
SAWTOOTH
j
55
L ig h t  brov# i i s h  g r a y ,  f i n e - g r a i n e d ,  l i m o n i t e  s t a i n e d ,  c a l c a r e o u s  s a n d s t o n e  i n  t h e
LOWER PART O V E R LA IN  BY A LTE R N ATIN G  MEDIUM L IG H T  G RAY, F IS S IL E  AND CHUNKY, S IL T Y  AND 
CLAYEY S H A L E S , SOME OF VH IC H  ARE CALCAREO US. UPPER PART C O N S ISTS  OF L IG H T  GRAY, 
T H IN -B E D D E D  CALCAREOUS S IL T S T O N E S ,
z
1
to
to
to
2
s
1 CASTLE REEF 1 2 0 0 - L IG H T  TO VERY L IG H T  G RAY, F IN E  TO CO ARSE-G R AINED MA S SI VE-BEO DED DOLOMITE IN  THE LOWER AND UPPER P A R TS , AND MASS 1VE-BEDD ED LIM ESTONE AND D O L O M IT IC  LIMESTONE IN  THE M ID D LE  P A R T; FO S S I L I  FERGUS THROUGHOUT.
m0
1 ALLAN MTN.
1300
L ig h t  b r o w n is h  g r a y  to  m e d iu m  g r a y ,  t h i c k  a n d  t h i n  b e d d e d , f i n e  to  m e d iu m  g r a in e d
LIMESTONE AM ) DO L O MI T I C  L IM E S TO N E . ABUMTAACE OF IRREGULAR LENSES AND NODULES OF 
BEDDED CHERT; FO SS1 L I  FERGUS.
<
o
>
g
UPPER UNDIFFERENTIATED lOOO
UPPER PART C O N S IS TS  OF INTERBEDED YELLOW ISH GRAY, F IN E  TO MEDIUM G RAINED L IM ES TO N E , 
AND P IN K IS H  GRAY POORLY SORTED F O S S IL I  FERGUS D O L O M IT E . M ID D LE  PART CO NSISTS OF 
YELLO W ISH G RAY, F IA K  G RAIN ED LIM ESTO NE AND O L IV E  GRAY D O L O M IT E . IDWER PART 
CO N S ISTS  OF PALE RED D O L O M IT IC  SHALES AND MUDSTONES INTERBEDDED W IT H  ARG ILLACEO US 
D O L O M IT E .
UPPER
DEVILS GLEN  
DOLOMITE 3 5 0
PALE R E D , L i a i T  BROWN AND VERY PALE ORANGE F I W  TO W D IU M  G RAIN ED LIM ESTONE AND 
D O LO M IT E . M id d l e  p a r t  i s  m a s s i v e ,  u p p e r  a n d  lo w e r  p a r t s  t h i n  r e d d e d ,  w i t h  b e d s  
LESS THAN 2  FE ET T H IC K .
7 SWITCHBACK 85
Gr e e n  a n d  g r a y  f i s s i l e  a n d  n o d u l a r  s i a l e s , l o c a l l y  c a l c a r e o u s  a n d  s i l t y  in t e r b e d d e d
WITH T H IN  BEDS OF GRAY DOLOM ITE TH A T WEATHERS PALE R E D .
SHALE
STEAMBOAT
LIMESTONE 2 7 5
Y e l l o w is h  b r o w n ,  m a s s i v e l y  b e d d e d  a n d  b a n d e d  f i n e  g r a in e d  l i m e s t o n e ,  s l i g h t l y
MOTTLED L IO I T  BROWN BY C LA Y  PAR TIN G S  INTERBEDDED W ITH  GRAYISH ORANGE P IN K , F IN E  
TO MEDIUM G R A IN E D , M A S S IV E LY  BEDDED D O L O M IT E . UPPER PART CO N S ISTS  OF YELLOW ISH 
G RAY, F IN E  TO E CDIUM  G R A IN E D , T H IN  BEDDED D O LO M IT IC  L IM ES TO N E .
z<
PAGODA
LIMESTONE 3 0 0
L i g h t  o l i v e  g r a y ,  f i s s i l e  a n d  n o d u l a r  s i a l e s  o v e r l a in  b y  l i g h t  b r o w n is h  g r a y
F O S S IL IF E R O U S  LIM ESTO NE IN  LOWER PAR T, AND L IG H T  GRAY, O O L IT IC ,  F O S S IL I FERGUS,
m a s s i v e l y  b e d d e d  l i m e s t o n e  i n  u p p e r  p a r t ; w e a t h e r s  v e r y  l i g h t  G RAY.
1
<
o
MIDDLE
DEARBORN
LIMESTONE 27 5
Gr a y i s h  g r e e n ,  f i s s i l e ,  m ic a c e o u s  a n d  c a l c a r e o u s  s h a l e s  in t e r b e d d e d  w it h  l i g h t  g r a y  
t h i n - b e d d e d  l i m e s t o n e  IN  LOWER PAR T, AND GREENISH GRAY, F IN E  TO t D I U M  GRAINED 
F O S S IL IF E R O U S  LIM ESTO NE IN  UPPER P A R T ; UPPER PART M A S S IV E LY  BEDDED.
DAMNATION
LIMESTONE lOO
Pa l e  b l u e  a n d  g r a y is h  b l u e ,  ir r e g u l a r l y  a n d  t h i n - b e d d e d  l im e s t o n e  i n  t h e  lo w e r  p a r t ,
AND PALE YELLO W ISH BROWN LIM ESTO NE IN  THE UPPER PART; L IG H T  RROWW CLAY PARTINGS 
CONSPICUOUS THROUtHOUT FORM ATIO N.
GORDON
SH A LE
2 2 0
Gr e e n is h  g r a y  f i s s i -l e  a n d  m ic a c e o u s  s h a l e s  in t e r b e d d e d  w it h  g r e e n is h  g r a y  s a n d s t o n e
LENSES IN  LOWER PART O V E R LA IN  BY P IN K IS H  G R A Y, F IN E  TO MEDIUM GRAINED CROSS-BEDDED 
SANDSTONES. UPPER PART C O N S ISTS  O F O L IV E  GRAY F IS S IL E  SHALES INTERBEDDED W ITH  TH IN  
BEDDED, F O S S IL IF E R O U S  L IM ES TO N E .
FLATHEAD
SANDSTONE
113
P i n k i s h  g r a y  to  p a l e  r e d  p u r p l e ,  c o a r s e - g r a i n e d ,  p o o p l y  s o r t e d ,  c r o s s - b e d d e d ,
S IL IC A  CEMENTED SANDSTONE; C O N TA IN S  W ELL ROUNDED QUARTZ PEBBLES UP TO O NE-HALF INCH 
IN  D IA M E T E R .
§  
1 «  
w  ®
' 8
BELT AHORN 4 0 0
Gr a y i s h  p e d  a n d  g r e e n i s h  g r a y  -h  i n - a n d  t h i c k - b e d d e d  a r g i l l i t e »  i n  t h e  lo w e r  p a r t ,
THAT GRADE UPWARD TO VERY TH IN -B E D D E D  GRAY 134 PED A R G IL L IT E S , INTERBEDDED W ITH  1 TO 
F  INCH TH ICK BEDS OF MEDIUM TO COARSE G R A IN E D , POORLY SORTED R E D D IS H  SAW STO M ES. 
B a s e  n o t  e x p o s e d .
— 2.2 —
STRATIGRAPHY
G e n e ra l S ta te m e n t
S e d im e n ta ry  ro c k s  o f  l a t e  P re c a m b r ia n , P a le o z o ic  and M eso zo ic  
ages a r e  exp o sed  i n  th e  map a r e a *  A q u a r tz  d i o r i t e  s i l l  and a 
d ia b a s e  s i l l  o c c u r  i n  th e  w e s te rn  p a r t  o f  th e  map a re a *  The P re ­
c a m b ria n  ro c k s  exp o sed  b e lo n g  t o  th e  B e l t  S u p e rg ro u p , and c o n s is t  
o f  a p p ro x im a te ly  400 f e e t  o f  th in -b e d d e d  a r g i l l i t e s  t h a t  o c c u r  in  
th e  s o u th w e s te rn  p a r t  o f  th e  a r e a  on th e  n o r th e a s t  lim b  o f  Crown 
M o u n ta in  S y n c l in e *
O v e r ly in g  th e  B e l t  ro c k s  a re  ab o u t 1 ,8 0 0  f e e t  o f  M id d le  and  
U p per C am brian  s h a le  and l im e s to n e ,  and a p p ro x im a te ly  1 ,0 0 0  f e e t  
o f  U p p er D e vo n ian  l im e s to n e  and d o lo m ite .  A p p ro x im a te ly  1 ,3 0 0  f e e t  
o f  M is s is s ip p ia n  c a rb o n a te  ro c k s  a re  e>q)osed in  th e  c e n t r a l  and  
n o r t h e a s te r n  p a r t s  o f  t h e  a r e a .  They have been  t h r u s t  o v e r  
M e s o zo ic  r o c k s ,  and fo rm  a s e r ie s  o f  n o r th  t o  n o r t h w e s t - t r e n d in g  
p a r a l l e l  r id g e s .  M id d le  and U p per J u r a s s ic  m a rin e  ro c k s  320 f e e t  
t h i c k ,  and 195 f e e t  o f  U pper J u r a s s ic  n o n m a rin e  ro c k s  a re  exposed  
i n  th e  c e n t r a l  and n o r th e a s te r n  p a r t  o f  th e  map a r e a .  A p p ro x im a te ly  
900  t o  1 ,0 0 0  f e e t  o f  n o n m a rin e  Low er C re ta c e o u s  ro c k s  o v e r l i e  th e  
J u r a s s ic  r o c k s .  G la c ia l  d e b r is  and a l lu v iu m  occupy d ra in a g e  b o tto m s  
th ro u g h o u t th e  a r e a .
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P re c a m b ria n  ( B e l t  S u p e rg ro u p )
Ah c m  F o r  mat i  on : The A h om  fo r m a t io n  i s  a p p ro x im a te ly  2 ,1 0 0
f e e t  t h ic k  i n  th e  w e s te rn  p a r t  o f  th e  Saypo q u a d ram g le  w here  i t  was 
o r i g i n a l l y  d e s c r ib e d  b y  D e is s  ( 1 9 4 3 ,  p o 2 1 7 ) ,  b u t  o n ly  th e  u p p e r 400  
f e e t  a re  exp o sed  on th e  n o r t h e a s t  f la n k  o f  Crown M o u n ta in  s y n c l in e  
in  th e  s o u th w e s te rn  p a r t  o f  th e  map a r e a  ( F ig u r e  5 )»
The lo w e r  tw o  t h i r d s  o f  th e  exp o sed  sequence c o n s is ts  o f  
g r a y is h  r e d  (5 R  4 / 2 )  and g re e n is h  g ra y  (5GY 6 / 1 )  th in -b e d d e d  t o  
f i s s i l e  a r g i l l i t e s  t h a t  g ra d e  upw ard t o  v e ry  th in -b e d d e d  g r a y is h  
re d  a r g i l l i t e s o  Sun c ra c k s  and r i p p l e  m arks o c c u r  th ro u g h o u t t h i s  
s e q u e n c e . The u p p e r t h i r d  c o n s is ts  o f  re d d is h  g ra y  f i s s i l e  
a r g i l l i t e s  w i t h  s e v e r a l  1  t o  6  in c h  t h ic k  beds o f  medium t o  c o a rs e  
g r a in e d ,  p o o r ly  s o r t e d ,  l i g h t  b ro w n is h  g ra y  (5Y R  6 / 1 )  and  g r a y is h  
re d  s a n d s to n e s . The b as e  o f  th e  fo r m a t io n  i s  n o t e x p o s e d ,
A t h i n  s e c t io n  fro m  th e  lo w e r  p a r t  o f  th e  fo r m a t io n  shows th e  
ro c k  i s  a i i j ^ a r ^ l l i t e , I t  i s  composed o f  50 p e r c e n t  a n g u la r  and  
p o o r ly  s o r t e d  q u a r t z  g r a in s  i n  a c la y  and d o lo m ite  m a t r ix .  The 
q u a r t z  g r a in s  ra n g e  fro m  0 ,0 6  m i l l im e t e r s  t o  0 ,2 5  m i l l im e t e r s  in  
d ia m e te r  b u t  a v e ra g e  s i z e  i s  ab o u t 0 ,1 2 5  m i l l im e t e r s .  In  g e n e r a l ,  
th e y  a re  c l e a r  w i t h  s t r a i g h t  t o  s l i g h t l y  u n d u lo s e  e x t i n c t i o n ,  and  
num erous g r a in s  w ere  o b s e rv e d  t o  c o n ta in  v a c o u le s  and in c lu s io n s  o f  
p l a t y  m in e r a ls ,  P la t y  b i o t i t e  0 , 3  m i l l im e t e r s  in  le n t h  i s  p re s e n t  
in  am ounts up t o  1 0  p e r c e n t  and i s  o r ie n t e d  p a r a l l e l  t o  b e d d in g ,  
m in o r cen st i.c u e n ts  in c lu d e  v a r y in g  am ounts o f  a p a t i t e ,  s e r i c i t e ,
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p l a g i o c l a s e ,  o r t h o c la s e , h e m a t i te  and d e t r i t a l  m a g n e tite »
A t h i n  s e c t io n  fro m  th e  u p p er p a r t  shows th e  ro c k  i s  a c a l c i t e  
and d o lo m ite  cem ented  s a n d s to n e . I t  i s  composed o f  a p p ro x im a te ly
70 p e r c e n t  q u a r t z  g r a in s  t h a t  ra n g e  in  s iz e  fro m  0 . 0 5  m i l l im e t e r s  t o
loO m i l l im e t e r s .  A verag e  g r a in  s i z e  is  a b o u t 0 . 4 0  m i l l im e t e r s .  The 
g r a in s  a re  sub a n g u la r  t o  sub round ed# m o d e ra te ly  s o r te d  and a re  c le a r  
w it h  s t r a i g h t  t o  s t r o n g ly  u n u lo s e  e x t i n c t i o n .  The c a l c i t e  and d o lo m ite  
g r a in s  a re  a n h e d r a l  t o  e u h e d r a l  and a v e ra g e  0 . 2 0  m i l l im e t e r s  in
d ia m e te r .  O th e r  c o n s t i t u e n t s  a re  2 p e r c e n t  p la g io c la s e  fe ld s p a r #  le s s
th a n  1  p e r c e n t  m ic r o c l in e #  and m in o r  am ounts o f  m a g n e t ite #  c h e r t#  
h e m a t ite  and l im o n i t e .
F ig u r e  5 .  V iew  lo o k in g  w est sh o w in g  P re c a m b ria n  r e d  a r g i l l i t e s  
exp o sed  a t  th e  base  o f  Crown M o u n ta in  s y n c lin e #  
a p p ro x im a te ly  2 m ile s  e a s t  o f  Wood L a k e .
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CAtffiR IAN
The f i r s t  s i g n i f i c a n t  s tu d y  o f  C am brian  s t r a t ig r a p h y  i n  n o r t h ­
w e s te rn  M ontana was by W a lc o t t  (1 9 0 8 )  who p u b lis h e d  a  m easured  
s e c t io n  f o r  th e  N o r th  F o rk  o f  th e  D e a rb o rn  R iv e r»  D e is s  (1 9 3 9 )  
m easured  and d e s c r ib e d  12 s e c t io n s  in  th e  S a w to o th  amd Lew is  and  
C la r k  Ranges w h ic h  he d iv id e d  i n t o  n in e  fo rm a tio n s »
The F o r d - S t r a ig h t  C ree k  s e c t io n  d e s c r ib e d  by D e is s  (1 9 3 9 *  
p » 2 8 “ 3 1 ) o c c u rs  in  th e  map a r e a ,  S » W » l/4 ,  S e c » 8 , T»19N» * R»9W», 
and c o n s is ts  o f  a p p ro x im a te ly  1 ,8 0 0  f e e t  o f  M id d le  and U p per C am brian  
s t r a t a ,  c o n s is t in g  m o s tly  o f  l im e s to n e ,  d o lo m ite  and s h a le »  D e iss  
a s s ig n e d  th e  ro c k s  t o  e ig h t  fo r m a t io n s ,  w h ic h  a re  i n  a s c e n d in g  o r d e r ,  
th e  F la t h e a d ,  G o rd o n , D a m n a tio n , D e a rb o rn , P a g o d a , S te a m b o a t, S w itc h -  
back  and D e v i ls  G len»
F o r  t h i s  r e p o r t ,  th e  C am brian  fo rm a tio n s  a re  com bined i n t o  th r e e  
c a r t o g r a p h ic  u n i t s  » These u n i t s  a re  r e p r e s e n te d  as C l ,  C 2 , and C3 on 
th e  g e o lo g ic  map» C l  c o n s is ts  o f  th e  F la th e a d  S andstone and th e  
Gordon S h a le ,  C2 c o n s is ts  o f  th e  D am n ation  L im e s to n e , D e a rb o rn  L im e­
s to n e  and th e  Pagoda L im e s to n e  and C3 c o n s is ts  o f  th e  S team bo at Lim e­
s t o n e ,  S w itc h b a c k  S h a le  and th e  D e v i ls  G len  D o lo m ite »  F o rm a tio n  t h i c k ­
n es ses  g iv e n  b e lo w  a re  fro m  D e is s *s  F o r d - S t r a ig h t  C reek  s e c t io n ,  b u t  
fo r m a t io n  d e s c r ip t io n s  a re  th o s e  o f  th e  w r i t e r »
F la th e a d  S a n d s to n e s The M id d le  C am brian  F la th e a d  S andstone  
(Feale, 1 3 0 3 ) was named f o r  e x p o s u re s  a t  F la th e a d  P a s s , i n  th e  n o r t h ­
e a s t  c o m e i ' o f  th e  T h re e  F o rks  q u a d r a n g le ,  Montana» In  th e  F o rd  C reek
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a r e a  i t  un c o n fo rm a b ly  o v e r l ie s  t h e  B e l t  Ahorn F o rm a tio n  and i s  113  
f e e t  th ic k o  D e is s  ( 1 9 3 9 ,  p . 3 1 ) re c o rd e d  a  d is c o rd a n c e  o f  8 t o  11 
d e g re e s  b e tw e e n  th e  tw o  sys tem s a t  th e  m easured  s e c t io n  lo c a te d  in  
SoWo 1 / 4 ,  SeCoS, T o l 9 N o ,  R o 9 W * , b u t  th e  w r i t e r  d id  n o t  o b s e rv e  th e  
t r u n c a t io n  on th e  n o r t h e a s te r n  f la n k  o f  th e  Crown M o u n ta in  s y n c l in e  
w here  th e  e n t i r e  C am brian  s e c t io n  i s  exp osed*
The F la th e a d  S an d sto n e  i s  p in k is h  g ra y  (5Y R  8 / 1 )  t o  p a le  re d  
p u r p le  (5R P 6 / 2 ) *  I t  i s  c o a r s e - g r a in e d ,  p o o r ly  s o r te d  and in d u r a t e d ,  
c le a n ly  w ashed and s i l ic a - c e m e n t e d .  I t  c o n ta in s  a p p ro x im a te ly  20 
p e r c e n t  o f  w e l l  ro u n d e d  ta n  and w h ite  q u a r t z  p e b b le s  up t o  one h a l f  
in c h  in  d ia m e te r .  The s a n d s to n e  i s  c ro s s -b e d d e d  th ro u g h o u t and  
shows re d  p u r p le  b a n d in g , e s p e c i a l l y  in  th e  lo w e r  p a r t , The e n t i r e  
seq uence i s  c h a r a c t e r iz e d  b y  r u s t y - b u f f  l im o n i t e  s t a i n s .
The lo w e r  p a r t  i s  m a s s iv e ly  b e d d e d , some beds a re  g r e a t e r  th a n  
4 f e e t  t h i c k .  The u p p e r t h i r d  o f  th e  fo r m a t io n  i s  more t h i n l y  bed ded  
and c o n ta in s  num erous beds 1 t o  2 in c h e s  t h ic k  o f  m icaceous a r g i l la c e o u s  
s h a le s  t h a t  re s e m b le  th e  l i t h o l o g y  o f  th e  o v e r ly in g  Gordon S h a le ,
A t h i n  s e c t io n  o f  t y p i c a l  F la th e a d  S an d sto n e  c o n s is ts  o f  s u b a n g u la r  
t o  su b ro u n d ed  q u a r t z  g r a in s  cem ented  by s i l i c a .  The g r a in s  a re  h ig h ly  
f r a c t u r e d ,  p o o r ly  s o r t e d ,  e q u id im e n s io n a l and ra n g e  fro m  0 ,2 5  m i l l i ­
m e te rs  t o  3 ,0  m i l l im e t e r s  in  d ia m e t e r ,  w i t h  an a v e ra g e  s iz e  o f  ab o u t 
0 ,6  m i l l im e t e r s .  A p p ro x im a te ly  5 p e r c e n t  o f  th e  q u a r t z  g r a in s  have  
o v e rg ro w th s  on w e l l  ro u n d ed  n u c l e i .  The g r a in s  a re  c l e a r  w ith  s t r a i g h t  
t o  s l i g h t \ y  u n d u lo s e  e x t i n c t i o n ,  O r th o c la s e  f e ld s p a r  i s  p r e s e n t  i n  an 
am ount o f  a p p ro x im a te ly  5 p e r c e n t .  M in o r  c o n s t i t u e n t s  in c lu d e  m ic r o c l in e .
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p la g io c la s e  I, c h e r t  and l im o n i t e ,
Gordon S h a le : The M id d le  C am brian  Gordon S h a le  ( W a lc o t t ,  1 9 1 7 )
was named fro m  Gordon C reek  in  th e  Ovando q u a d r a n g le ,  M o n tan a , The 
fo r m a t io n  i s  222 f e e t  t h i c k  and fo rm s a r a t h e r  g e n t le  s lo p e  b etw een  
th e  D am n ation  l im e s to n e  above and th e  F la th e a d  s a n d s to n e  b e lo w . The 
m id d le  t h i r d  o f  t h e  fo r m a t io n  i s  exp o sed  t o p o g r a p h ic a l ly  as a s l i g h t  
r i b  ( F ig u r e  5 ) ,
The lo w e r  t h i r d  c o n s is ts  o f  g r e e n is h  g ra y  (5GY 6 / 1 )  f i s s i l e  t o  
s l i g h t l y  n o d u la r  and m icaceou s s h a le s  in te r b e d d e d  w i t h  s e v e r a l  1 t o  
2 f o o t  t h ic k  beds o f  g re e n is h  g ra y  s a n d s to n e s  t h a t  c o n ta in  v a r y in g  
am ounts o f  g re e n  d e t r i t a l  b i o t i t e ,  and a re  l im o n i t e  s t a in e d .
The m id d le  t h i r d  c o n s is ts  o f  p in k is h  g ra y  (5Y R  8 /1 )  f i n e - t o  
m e d iu m -g ra in e d , m o d e ra te ly  s o r t e d ,  c ro s s -b e d d e d  s a n d s to n e s  w h ich  a re  
s l i g h t l y  ban ded  b y  c o n c e n tr a t io n s  o f  l im o n i t e  on b e d d in g  s u r fa c e s .
The u p p e r t h i r d  o f  th e  fo r m a t io n  c o n s is ts  e s s e n t i a l l y  o f  o l iv e  
g ra y  (5 Y  4 / 1 )  f i s s i l e  and m icaceous s h a le s  w it h  num erous 4 t o  6 in c h  
t h ic k  beds o f  medium g ra y  (N 5 )  b u f f  w e a t h e r in g ,  d e n s e , a r g i l la c e o u s  
l im e s to n e s  t h a t  c o n ta in  ab u n d an t t r i l o b i t e  f o s s i l  m a t e r ia l .  These  
u p p e r s h a le s  c o n ta in  le s s  m ic a  and a re  more d i s t i n c t l y  g ra y  th a n  th e  
s h a le s  b e lo w .
D am n ation  L im e s to n e  : The M id d le  C am brian  D am nation  L im es to n e
( D e is s ,  1 9 3 3 , p ,1 3 5 )  was named fro m  D am nation  C reek  on th e  s o u th w e s t  
s id e  o f  Pagoda M o u n ta in  f o r  a 140 f o o t  sequence o f  c a rb o n a te  ro c k s  
r n a t  o v e r l i e  th e  Gordon s h a le .  In  th e  map a r e a ,  th e  D am nation  is  100  
f e e t  t h i c k .  The lo w e r  25 t o  30 f e e t  c o n s is t  o f  p a le  b lu e  (5PB 7 / 2 )
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and g r a y is h  b lu e  (5PB 5 / 2 )  l im e s to n e  i n  i r r e g u l a r  beds a p p ro x im a te ly  
one in c h  t h ic k *  The u p p e r 70 t o  75 f e e t  c o n s is ts  o f  p a le  y e l lo w is h  
brow n ( IQYR 6 / 2 )  l im e s to n e  in  beds *4 in c h e s  t o  3 f e e t  t h ic k *  Con­
s p ic u o u s  th ro u g h o u t  th e  lim e s to n e  a re  l i g h t  brow n w e a th e r in g  lim o n  i t  i c  
c la y  p a r t in g s ,  w h ic h  a re  th e  d is t in g u is h in g  f e a t u r e s  o f  th e  fo r m a t io n *  
U n d er th e  b in o c u la r  m ic ro s c o p e , th e  ro c k s  a re  f i n e - t o  m edium - 
g r a in e d ,  m o d e ra te ly  s o r t e d ,  s p in e - b e a r in g  l im e s to n e s *  They c o n ta in  
s m a l l  s p a r - f i l l e d  p a tc h e s  and i r r e g u l a r  la m in a e *  D o lo m ite  rhombs a re  
co n sp icu o u s  on a c id  e tc h e d  s u r fa c e s *
A t h i n  s e c t io n  fro m  th e  D am nation  L im esto n e  shows t h a t  th e  ro ck  
was o r i g i n a l l y  a  l im e  mud t h a t  has been  p a r t i a l l y  r e p la c e d  b y  c a l c i t e *  
Some c r y s t a ls  a re  up t o  0 * 5  m i l l im e t e r s  i n  d ia m e te r ,  b u t  on th e  a v e rag e  
th e y  a re  0 *1 5  m i l l im e t e r s  in  d ia m e te r *  A p p ro x im a te ly  10 p e rc e n t  o f  th e  
ro c k  has b een  r e p la c e d  by  a n h e d r a l  and s u b h e d ra l c a l c i t e *  S p a r - f i l l e d  
p a tc h e s  up t o  2 *0  m i l l im e t e r s  i n  d ia m e te r  a re  co n sp icu o u s  in  t h in  
s e c t io n *  D o lo m ite  rhombs a re  p r e s e n t  in  an amount o f  ab o u t 2 p e r c e n t*  
No m ic r o s t r u c tu r e s  o r  f o s s i l  fra g m e n ts  w ere  see n *
Dea r b o m  L im e s to n e  % The D e a rb o rn  L im e s to n e  i s  M id d le  Cam brian  
in  age. and was named b y  D e is s  ( 1 9 3 3 ,  p * 3 6 )  fro m  th e  N o rth  F o rk  o f  
D e a rb o rn  R iv e r  in  th e  S a w to o th  Range* The fo r m a t io n  is  296 f e e t  t h i c k ,  
o f  w h ic h  th e  lo w e r  35 f e e t  a re  composed o f  g r a y is h  g re e n  ( 1 0 GY 5 / 2 )  
f i s s i i e ,  m icaceou s and c a lc a re o u s  shaj.e in te rb e d d e d  w it h  s e v e r a l  1 t o  
3 in c h  t h ic k  b e is  o f  medium l i g h t  g ra y  (N 6 )  f in e - g r a in e d  l im e s to n e *
The u p p e r i n t e r v a l  i s  a g re e n is h  g ra y  (5GY 6 / 1 )  t o  l i g h t  b ro w n is h  
g ra y  ' .1 i' 1 ; f i n e - t o  m e d iu m -g ra in e d  f o s s x l i f e r o u s  l im e s to n e *  In
19
g e n e r a l ,  th e  bed s a re  4 t o  6 in c h e s  t h i c k  n e a r  t h e  base  o f  t h i s  
i n t e r v a l  b u t  become more m ass ive  to w a rd  th e  t o p .  I r r e g u l a r  b e d d in g  
and g re e n  san dy c la y  p a r t in g s  o c c u r  th ro u g h o u t th e  i n t e r v a l .  The  
fo r m a t io n  w e a th e rs  y e l lo w is h  g ra y  and fo rm s  a  s te e p  c l i f f  above i t s  
lo w e r  s h a ly  u n i t .
I n  t h i n  s e c t io n ,  th e  D e a rb o rn  L im e s to n e  i s  c h a r a c t e r iz e d  b y  th e  
abundance o f  t r i l o b i t e  f o s s i l  f ra g m e n ts  i n  a  l im e  mud m a t r ix  t h a t  i s  
p a r t i a l l y  r e p la c e d  b y  c a l c i t e .  A p p ro x im a te ly  10 p e r c e n t  o f  the^m ud  
has been  r e p la c e d  b y  a n h e d r a l  and e u h e d r a l  c a l c i t e  c r y s t a ls  t h a t  
a v e ra g e  0 . 1  m i l l im e t e r s  in  d ia m e te r .  T r i l o b i t e  s p in e s  and o th e r  
e lo n g a te  fra g m e n ts  a re  ra n d o m ly  o r ie n t e d  and lo o s e ly  p a c k e d . F o s s i l  
fra g m e n ts  c o n s t i t u t e  a b o u t 20 t o  30 p e r c e n t  o f  th e  r o c k .  A n g u la r ,  
s i l t - s i z e d  d e t r i t a l  q u a r t z  g r a in s  a re  p r e s e n t  i n  an amount le s s  th a n  
2 p e r c e n t  and a  few  f i n e l y  d iv id e d  m ic a  f la k e s  w ere  n o t ic e d .
Pagoda L im e s to n e  : The Pagoda L im e s to n e  i s  M id d le  C am brian  in
age and i s  named a f t e r  Pagoda M o u n ta in , w h ic h  l i e s  13 m ile s  n o r th w e s t  
o f  t h e  ty p e  l o c a l i t y  a t  P r a i r i e  R e e f ( D e is s ,  1 9 3 9 , p . 4 1 ) .  The fo rm ­
a t io n  i s  300 f e e t  t h i c k  a t  th e  F o r d - S t r a ig h t  C reek  s e c t io n .
The lo w e r  p a r t  o f  th e  fo r m a t io n  c o n s is ts  o f  l i g h t  o l iv e  g ra y  
(5 Y  5 / 2 )  and g r a y is h  o l i v e  ( lO Y  4 / 2 )  f i s s i l e  and n o d u la r  s h a le s  
o v e r la in  b y  l i g h t  b ro w n is h  g ra y  (SYR 6 / 1 )  f o s s i l i f e r o u s  l im e s to n e  
i l l  beds 3 t o  5 in c h e s  t h i c k .
The u p p e r  p a r t  i s  composed o f  l i g h t  g ra y  ( N 7 ) ,  o o l i t i c  and  
f c s s i l i f e r o u s  l im e s to n e ,  m a s s iv e ly  bed d ed  i n  th e  m id d le  b u t  t h i n l y -  
b ed d ed  i n  th e  lo w e r  and u p p e r p a r t s .  The fo r m a t io n  fo rm s a s te e p
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c l i f f  and w e a th e rs  v e r y  l i g h t  g ray»
A t h i n  s e c t io n  fro m  th e  u p p e r p a r t  o f  th e  fo r m a t io n  shows th e  
ro c k  c o n s is ts  o f  l im e  mud t h a t  i s  p a r t i a l l y  r e p la c e d  by c a l c i t e  
i n t o  an i r r e g u l a r  p a t te r n »  The c a l c i t e  c r y s t a ls  a v e ra g e  0 »2 m i l l i ­
m e te rs  in  d ia m e te r  b u t  a  few  g r a in s  ex c e e d  0 » 5 m i l l im e t e r s  » In  
g e n e r a l ,  most g r a in s  a re  a n h e d ra l t o  e u h e d r a l  and a re  c le a r »  C har­
a c t e r i s t i c  c o n s t i t u e n t s  a re  p e l l e t s  and s u p e r f i c i a l  o o l i t e s  t h a t  
a re  p a r t i a l l y  r e p la c e d  b y  c a l c i t e ,  and c o n s t i t u t e  a p p ro x im a te ly  10 
p e r c e n t  o f  t h e  ro ck»  The p e l l e t s  and o o l i t e s  a v e ra g e  0»25  m i l l i ­
m e te rs  in  d ia m e te r»  I n t r a c l a s t s  w i t h  e n c lo s e d  f o s s i l  f ra g m e n ts  a re  
up t o  3o0 m i l l im e t e r s  in  d ia m e te r  and a re  p r e s e n t  in  an amount o f  
le s s  th a n  5 p e r c e n t  » F o s s i l  fra g m e n ts  a re  p r e s e n t  in  an amount 
e s t im a te d  t o  be 10 p e rc e n t»
S team b o at L im e s to n e s The ty p e  s e c t io n  f o r  th e  M id d le  Cam brian  
S team b o at L im es to n e  i s  j u s t  b e lo w  th e  c r e s t  o f  P r a i r i e  R e e f ,  and th e  
fo r m a t io n  ta k e s  i t s  name fro m  S team b o at M o u n ta in , w h ic h  i s  n o r th  o f  
D e a rb o rn  R iv e r  ( D e is s ,  1 9 3 9 , p » 4 5 )»  The S team bo at L im e s to n e  i s  239  
f e e t  t h ic k  a t  th e  ty p e  s e c t io n  b u t  has a th ic k n e s s  o f  276 f e e t  a t  
th e  m easured  s e c t io n  i n  th e  map area»
The lo w e r  t h i r d  o f  th e  fo r m a t io n  i s  a m o d era te  y e l lo w is h  brow n  
( lO Y R  5 / 4 )  f in e - g r a i n e d  l im e s to n e ,  w h ic h  w e a th e rs  t o  m ass ive  o u tc ro p s  
b a t  i s  ban ded  in  beds up t o  4 in c h e s  th ic k »  I t  i s  m o t t le d  l i g h t  
brow n by c la y  p a r t in g s »  The m id d le  t h i r d  c o n s is ts  o f  g r a y is h  orange  
p in k  (5 Y R  '^ '2 )  d o lo m it e ,  f i n e - t o  m e d iu m -g ra in e d , m a s s iv e ly  bedded  in  
u n itb  5 rec t h ic k  o r  more and i s  c h a r a c t e r iz e d  by num erous vugs
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th ro u g h o u t  th e  sequence»
The u p p e r  t h i r d  c o n s is ts  o f  y e l lo w is h  g ra y  (5 Y  8 /1 )  f in e  t o  medium  
g r a in e d  d o lo m ite  and d o lo m it ic  l im e s to n e »  I t  i s  th in -b e d d e d  ( 4  t o  6 
in c h e s )  and w e a th e rs  v e ry  l i g h t  g ray»
Two t h i n  s e c t io n s  fro m  th e  lo w e r  and u p p e r  p a r t  o f  th e  fo r m a t io n  
w ere  exam ined» The lo w e r  sam ple  i s  a l im e s to n e  i n  w h ic h  th e  lim e  mud
has a lm o s t been  c o m p le te ly  r e p la c e d  b y  a n h e d r a l  and e u h e d r a l  c a l c i t e
c r y s t a ls  t h a t  a v e ra g e  0»2 m i l l im e t e r s  in  d ia m e te r»  I n t r a c l a s t s  
composed o f  l im e  mud a re  o n ly  p a r t i a l l y  r e p la c e d  by c a l c i t e  g r a in s  
t h a t  a re  le s s  th a n  0»2  m i l l im e t e r s  in  d ia m e te r .  The i n t r a c l a s t s  a re  
s u b s p h e r ic a l  t o  s l i g h t l y  e lo n g a te  and a v e ra g e  30 m i l l im e t e r s  in  d ia m e te r ,  
The u p p e r  sam ple  i s  a  d o lo m it ic  l im e s to n e  in  w h ic h  30 t o  40 p e r c e n t  
o f  th e  l im e  mud has b een  r e p la c e d  by e u h e d r a l  d o lo m ite  c r y s t a ls  t h a t  
ra n g e  fro m  0»05  m i l l im e t e r s  t o  0 .1 0  m i l l im e t e r s  in  d ia m e te r .  S c a t t e r e d
th ro u g h o u t  a r e  c i r c u l a r  s p a r - f i l l e d  p a tc h e s  0 .5  m i l l im e t e r s  t o  1 ,0  m i l l i ­
m e te rs  i n  d ia m e te r .
S w itc h b a c k  S h a le ; The ty p e  s e c t io n  f o r  th e  U p per C am brian  S w itc h -  
b ac k  S h a le  i s  on th e  r id g e  e a s t  o f  K id d  M o u n ta in , and ta k e s  i t s  name 
fro m  S w itc h b a c k  P a s s , lo c a t e d  a p p ro x im a te ly  2 m ile s  s o u th e a s t  o f  P e n t­
agon M o u n ta in  ( D e is s ,  1 9 3 3 , p » 5 ,  3 9 ) .
The fo r m a t io n  i s  85 f e e t  t h i c k ,  and fo rm s a d e p re s s io n  b e tw een  
th e  o v e r ly in g  D e v i ls  G len  D o lo m ite  and th e  u n d e r ly in g  S team bo at L im e­
s to n e .  The fo r m a t io n  c o n s is ts  o f  g r e e n ,  s l i g h t l y  c a lc a re o u s  and s i l t y ,  
nodular w e a th e r in g  s h a le s  i n  th e  u p p e r and lo w e r  p a r t .  In  th e  m id d le  
a re  s e v e r a l  4 in c h  t h ic k  beds o f  l i g h t  b ro w n is h  g ra y  (5Y R  6 / 1 )  f i n e - t o
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m ed iu m -g r a in e d  d o lo m ite  t h a t  w e a th e r  p a le  r e d ,  and fo rm  a low  r i b  in  
th e  d e p re s s io n .
D e v i ls  G len  D o lo m ite : The ty p e  s e c t io n  o f  th e  U p per C am brian  
D e v ils  G len  D o lo m ite  i s  on th e  n o r th e r n  s p u r  o f  M o n ito r  M o u n ta in ,  
s o u th  o f  th e  N o r th  F o rk  o f  D e a rb o rn  R i v e r ,  and ta k e s  i t s  name fro m  
D e v ils  G le n , a t i g h t  n a rro w  canyon a lo n g  th e  N o rth  Fork  o f  th e  D e ar­
b o rn  R iv e r  ( D e is s ,  1 9 3 3 ,  p . 4 0 ) .
The D e v i ls  G le n  D o lo m ite  i s  a p p ro x im a te ly  350 f e e t  t h ic k  and  
c o n s is ts  o f  p a le  r e d  ( lO R  6 / 2 ) ,  l i g h t  brow n (5Y R  6 / 4 )  and v e ry  p a le  
o ran g e  (lO Y R  8 / 2 )  f i n e - t o  m e d iu m -g ra in e d  l im s to n e  and d o lo m ite .  
C onsp icuous th ro u g h o u t th e  fo r m a t io n  a re  p e l l e t s  and o o l i t e s , wViicW 
a re  most h ig h ly  c o n c e n tr a te d  i n  th e  u p p e r and lo w e r  p a r t  o f  th e  
fo r m a t io n .  The M id d le  p a r t  i s  m a s s iv e , c o n s is t in g  o f  beds g r e a t e r  
th a n  4 f e e t  t h i c k  w h i le  th e  lo w e r  and u p p e r p a r t  i s  th in -b e d d e d ,  
w it h  beds le s s  th a n  2 f e e t  t h i c k .  The fo r m a t io n  w e a th e rs  t o  a 
l i g h t  g ra y  s u g a ry  s u r fa c e  and fo rm s  a p ro m in e n t r id g e  b e lo w  th e  
s o f t e r  o v e r ly in g  D evo n ian  l im e s to n e  and d o lo m ite .
T h re e  sam p les  ta k e n  a t  a p p ro x im a te ly  100 f o o t  i n t e r v a l s  fro m  
th e  fo r m a t io n  w ere  s t u d ie d  in  t h i n  s e c t io n .  A r e p r e s e n t a t iv e  sam ple  
fro m  th e  lo w e r  i n t e r v a l  i s  an o o l i t i c  and p e l l e t a i  l im e s to n e  made up 
o f  a p p ro x im a te ly  70 p e r c e n t  p e l l e t s  and o o l i t e s  in  a mud m a t r ix  
w h ic h  h as  been  p a r t i a l l y  r e p la c e d  b y  d o lo m ite  and c a l c i t e  g ra in s  
a v e r a g in g  0 . 1  m i l l im e t e r s  in  d ia m e te r .  The o o l i t e s  a v e ra g e  0 .2 5  
m il l im e t e r ?  in  d ia m e t e r ,  a re  s u b s p h e r ic a l  t o  s p h e r ic a l  and show 
c o n c e n t r ic  i n t e r n a l  s t r u c t u r e ;  th e  p e l l e t s  a re  o v o id  and s t r u c t u r e le s s
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A sam p le  r e p r e s e n t in g  th e  m id d le  i n t e r n a l  i s  a l im e s to n e  composed 
o f  20 t o  30 p e r c e n t  o o l i t e s  and p e l l e t s  i n  a l im e  mud m a t r ix  t h a t  i s  
p a r t i a l l y  r e p la c e d  b y  d o lo m ite  g r a in s ;  th e s e  ra n g e  fro m  0 .0 5  m i l l i ­
m e te rs  t o  0 ,2 5  m i l l im e t e r s  i n  d ia m e te r ,  b u t  t h e i r  a v e ra g e  s iz e  i s  ab o u t  
0 .1 0  m i l l im e t e r s .  The p e l l e t s  and o o l i t e s  a v e ra g e  0 .2 0  m i l l im e t e r s  in  
d ia m e te r .
A t h i n  s e c t io n  fro m  th e  u p p e r  i n t e r v a l  c o n s is ts  o f  a p p ro x im a te ly  
60 p e r c e n t  p e l l e t s  i n  a l im e  mud m a t r ix  t h a t  has been  p a r t i a l l y  
r e p la c e d  b y  c a l c i t e  and d o lo m ite .  The p e l l e t s  ra n g e  fro m  0 .0 5  m i l l i ­
m e te rs  t o  0 .2 5  m i l l im e t e r s  in  d ia m e te r  w i t h  a v e ra g e  s iz e  o f  ab o u t 
0 .1 0  m i l l im e t e r s .  I n t r a c l a s t s  up t o  1 .0  m i l l im e t e r s  in  d ia m e te r  and  
s u p e r f i c i a l  o o l i t e s  a re  p r e s e n t  in  an amount le s s  th a n  10 p e r c e n t .
The d o lo m ite  rhombs a v e ra g e  0 .0 5  m i l l im e t e r s  i n  d ia m e te r  and th e  
c a l c i t e  g r a in s  a v e ra g e  0 .2 5  m i l l im e t e r s  in  d ia m e te r .  The c a l c i t e  
c r y s t a ls  a re  e u h e d r a l  and c l e a r .
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DEVONIAN
The e a r l i e s t  w ork  on th e  D e vo n ian  sys te m  i n  c e n t r a l  and n o r t h ­
w e s te rn  M ontana i s  t h a t  o f  D e is s  (1 9 3 3 )  who d e s c r ib e d  seven  s e c t io n s  
i n  th e  S a w to o th  and L ew is  and C la r k  R an g es , and d iv id e d  th e  ro c k s  
i n t o  f i v e  fo r m a t io n s .  These fo rm a tio n s  i n  a s c e n d in g  o r d e r  w e re :
W h ite  R id g e , G len  C re e k , C oopers L a k e , Lone B u t te  and S p o tte d  B e a r ,  
L a t e r ,  D e is s  ( 1 9 4 3 ,  p . 2 2 6 )  d e s c r ib e d  an a d d i t io n a l  s e c t io n  a t  A l la n  
M o u n ta in  in  th e  Saypo q u a d r a n g le ,  j u s t  s o u th  o f  G ibson Dam on th e  Sun 
R iv e r .
The s tu d y  o f  th e  D e vo n ian  sys tem  i n  c e n t r a l  and n o r th w e s te rn  
M ontana b y  S lo s s  and L a i r d  ( 1 9 4 7 ,  p . 1 4 0 4 -1 4 3 0 )  r e s u l t e d  in  th e  f i r s t  
a t te m p t  t o  d e s c r ib e  and in c o r p o r a te  th e s e  s t r a t a  i n t o  a r e g io n a l  
s e t t i n g .  T hey  d id  n o t use D e is s ’ s fo r m a t io n  nam es, b u t  a s s ig n e d  
u n i t s  A , B and C t o  th e  D e vo n ian  s y s te m , S lo s s  and L a i r d  (1 9 4 7 ,  
p ,1 4 2 6 )  c o r r e la t e d  th e  u n i t s  o f  n o r th w e s te rn  M ontana w ith  th e  
D e v o n ia n  s y s te m  i n  th e  T h re e  F o rks  a r e a ,  c e n t r a l  M o n tan a , A lb e r t a  
m o u n ta in  f r o n t  and th e  s o u th e rn  A lb e r t a  p l a i n s .
The D e vo n ian  sys te m  in  th e  map a r e a  i s  r e p r e s e n te d  b y  an e s t im a te d  
th ic k n e s s  o f  1 ,0 0 0  f e e t  o f  s t r a t a ,  c o n s is t in g  m o s tly  o f  l im e s to n e  and  
d o lo m it e ,  t h a t  d is  c o n fo rm a b ly  o v e r l i e  th e  U p per C am brian  D e v ils  G len  
D o lo m ite .  The w r i t e r  d id  n o t  a t te m p t  t o  s u b d iv id e  th e  D evo n ian  ro c k s  
i n t o  e i t h e r  th e  fo r m a t io n s  p ro p o s e d  by  D e is s  o r  t o  th e  u n i t s  o f  S lo s s  
and L a i r d ,  b ec au se  s u b d iv is io n  o f  th e  sys te m  w o u ld  have r e q u ir e d  a 
d e t a i l e d  s t r a t i g r a p h i e  s tu d y .  C o n s e q u e n tly  th e  D e vo n ian  ro c k s  w ere
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mapped as a s in g le  u n d i f f e r e n t i a t e d  u n ito
The lo w e r  t h i r d  c o n s is ts  o f  p a le  r e d  ( lO R  6 / 2 )  and p a le  y e l lo w is h  
brow n (lO Y R  6 / 2 )  d o lo m it ic  s h a le s  and m udstones in te r b e d d e d  w i t h  p a le  
r e d d is h  brow n ( lO R  5 / 4 )  a r g i l la c e o u s  and a re n a c e o u s  d o lo m ite s  c o n ta in ­
in g  o c c a s io n a l  1 t o  4 in c h  i r r e g u l a r  beds o f  y e l lo w is h  g ra y  (SY  7 / 2 )  
f in e - g r a i n e d  d o lo m ite .
The m id d le  t h i r d  c o n s is ts  o f  y e l lo w is h  g ra y  (5 Y  8 / 1 )  f in e - g r a i n e d  
l im e s to n e  and l i g h t  o l i v e  g ra y  (5 Y  6 / 1 )  f in e - g r a i n e d  d o lo m ite  i n t e r ­
bedded  w i t h  p in k is h  g ra y  (SYR 8 /1 )  s a c c h a z % ^ id a l d o lo m ite  in  beds 1 t o  
2 f e e t  t h i c k .
The u p p e r t h i r d  c o n s is ts  o f  in te r b e d d e d  y e l lo w is h  g ra y  (5 Y  7 /2 )  
f in e  t o  medium g r a in e d  l im e s to n e  and p in k is h  g ra y  (5Y R  8 /1 )  p o o r ly  
s o r t e d ,  f o s s i l i f e r o u s  medium g r a in e d  d o lo m ite  i n  1 t o  2 f o o t  t h ic k  beds  
The D e vo n ian  ro c k s  w e a th e r  l i g h t  brow n t o  m o d era te  o ran g e  p in k  
and a r e  i n  s h a rp  c o n t r a s t  t o  th e  v e r y  l i g h t  g ra y  w e a th e r in g  o f  th e  
o v e r ly in g  M adison Group and th e  u n d e r ly in g  D e v ils  G len  D o lo m ite .
Sam ples ta k e n  fro m  th e  D e vo n ian  s e c t io n  a re  b e l ie v e d  t o  be  
r e p r e s e n t a t iv e  o f  th e  ro c k  ty p e s .  Two t h i n  s e c t io n s  ta k e n  a p p ro x ­
im a t e ly  300 and 600 f e e t  above th e  b as e  o f  th e  sys te m  show t h a t  th e  
ro c k s  a re  d o lo m ite s .  The lo w e r  o f  th e  tw o  t h i n  s e c t io n s  shows t h a t  
th e  ro c k  c o n s is ts  o f  l im e  mud w h ic h  i s  a lm o s t c o m p le te ly  r e p la c e d  
by d o lo m ite .  E x c e p t f o r  a  few  f o s s i l  g h o s ts ,  th e  o r i g i n a l  t e x t u r e  
and s t r u c t u r e s  have  b een  o b l i t e r a t e d .  The g h o s ts  show s t r a i g h t  
e x t i n c t io n  and a re  up t o  1 m i l l i m e t e r  i n  le n g th  and 0 .4  m i l l im e t e r s  
i n  w id t h .  D o lo m ite  rhombs ra n g e  fro m  0 . 1  m i l l im e t e r s  t o  0 .1 5  mi H i -
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m e te rs  and fo rm  a  p o ro u s  n e tw o rk  o f  e u h e d r a l  and a n h e d r a l  c r y s t a ls  « 
A p p ro x im a te ly  70 p e r c e n t  o f  t h e  l im e  mud has  b een  r e p la c e d  b y  d o lo m ite  
P o re  sp ace  i s  e s t im a te d  t o  be a b o u t 10 p e r c e n t <. M in o r s i l i c i f i c a t i o n s  
w ere  a ls o  n o te d *  The u p p e r sam ple  shows th e  ro c k  c o n s is ts  o f  a p p ro x ­
im a t e ly  80 t o  90  p e r c e n t  d o lo m ite  rhombs in  a l im e  mud m a t r ix .  The  
rhombs ra n g e  fro m  0 .0 8  m i l l im e t e r s  t o  0 .1 0  m i l l im e t e r s  in  d ia m e te r  
and fo rm  a m o sa ic  o f  t i g h t l y  i n t e r l o c k in g  a n h e d r a l  and s u b h e d ra l  
c r y s t a ls *  The ro c k  i s  homogeneous w i t h  fe w e r  g h o s ts  th a n  i n  th e  
p r e v io u s  s e c t io n *  Few s i l i c i f i c a t i o n s  a re  p r e s e n t , and p o re  space  
i s  e s t im a te d  a t  le s s  th a n  5 p e r c e n t *
A sam ple  fro m  th e  u p p e r t h i r d  o f  th e  s e c t io n  shows th e  ro c k  t o  
be a f o s s i l i f e r o u s  l im e s to n e  w i t h  a l im e  mud m a t r ix *  F o s s i l  d e b r is ,  
m o s tly  c r in o id  and b ra c h io p o d  fra g m e n ts  a re  s l i g h t l y  s i l i c i f i e d ,  and  
make up ab o u t 50 p e r c e n t  o f  th e  ro c k *  A p p ro x im a te ly  60 p e rc e n t  o f  
th e  l im e  mud has  been  r e p la c e d  b y  c a l c i t e  c r y s t a ls  t h a t  a v e ra g e  0 *0 5  
m i l l im e t e r s  i n  d ia m e te r *  D o lo m ite  rhombs r a n g in g  fro m  0 *1 0  m i l l i ­
m e te rs  t o  0 *2 0  m i l l im e t e r s  in  d ia m e te r  a re  a m in o r  c o n s t i t u e n t  * The 
c a l c i t e  g r a in s  a re  g e n e r a l ly  c l e a r  and show w e l l  d e v e lo p e d  c r y s t a l  
o u t l in e s .
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M IS S IS S IP P IA N  
M adison Group
Rocks o f  M is s is s ip p i  an age i n  n o r th w e s te r n  M ontana have  b een  
r e f e r r e d  t o  as th e  Hannan L im e s to n e , M adison L im e s to n e  and M adison  
Group and a re  p a r t l y  c o r r e l a t i v e  w ith  th e  ty p e  M adison Group i n  th e  
T h re e  F o rk s  q u a d ra n g le  and w it h  th e  B r a z e r  L im e s to n e  o f  n o r th e a s te r n  
U tah  ( D e is s ,  1 9 4 3 ,p .2 2 8 ) .
D e is s  (1 9 3 3 )  m easured  f o u r  s e c t io n s  in  th e  F la th e a d  and Lew is  and  
C la r k  ra n g e s  and d iv id e d  th e  M is s is s ip p ia n  ro c k s  i n t o  f i v e  u n its o  He 
l a t e r  ( 1 9 4 3 ,  p . 2 2 9 )  named th e  e n t i r e  M is s is s ip p ia n  s e c t io n  in  th e  Saw­
t o o th  Range th e  Hannan L im e s to n e  and d e s ig n a te d  Hannan G ulch a t  Sun 
R iv e r  th e  ty p e  l o c a l i t y  * S lo s s  and L a i r d  (1 9 4 5 )  d iv id e d  th e  Hannan  
L im e s to n e  i n t o  u n i t s  MA, MB and MC in  a s c e n d in g  o r d e r ,  and th e s e  
u n i t s  w e re  l a t e r  used b y  A n d ric h u k  (1 9 5 5 )  in  s tu d y in g  M is s is s ip p ia n  
s t r a t ig r a p h y  in  n o r th w e s te rn  M ontana and s o u th w e s te rn  A lb e r t a ,
R e c e n t ly  Mudge e t  a l ,  ( 1 9 6 2 )  m easured  s e c t io n s  in  th e  Sun R iv e r  
Canyon a r e a  and d iv id e d  th e  M adison Group i n t o  tw o  fo r m a t io n s ,  th e  
lo w e r  A l la n  M o u n ta in  L im e s to n e  and th e  u p p e r C a s t le  R e e f D o lo m ite ,
The A l la n  M o u n ta in  L im e s to n e  i s  5 8 7 .2  f e e t  t h ic k  and th e  C a s t le  R e e f  
D o lo m ite  i s  6 4 0 .1  f e e t  t h ic k  a t  th e  G ibson R e s e r v o ir  r e fe r e n c e  
s e c t io n  (Mudge e t  a l . ,  1 9 6 2 , p . 2 0 0 5 - 2 0 0 8 ) .
The M adison Group i s  b e tw een  1 ,2 0 0  and 1 ,2 5 0  f e e t  t h ic k  in  th e  
map a r e a  and i s  d iv id e d  i n t o  tw o  f o r m a t io n s ,  b e a r in g  th e  names
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p ro p o s e d  by Mudge e t  a l«  (1 9 6 2 )o  B ecause th e  M adison group  has been  
d e s c r ib e d  i n  d e t a i l  fro m  th e  Sun R iv e r  a re a #  o n ly  g e n e r a l  l i t h o l o g i e  
c h a r a c t e r is t i c s  o f  th e  fo r m a t io n s  a re  g iv e n  h e re #  b a s e d  on d a ta  
o b ta in e d  w h i le  m ap p in g .
A l la n  M o u n ta in  L im e s to n e  : The A l la n  M o u n ta in  L im e s to n e  c o n s is ts
o f  l i g h t  b ro w n is h  g ra y  (5 Y R  6 / 1 )  and medium l i g h t  t o  medium g ra y  
(N 6 “ N 5) t h i n  and th ic k -b e d d e d  f i n e - t o  m e d iu m -g ra in e d  l im e s to n e  and  
d o lo m it ic  l im e s to n e .  The lo w e r  p a r t  c o n s is ts  o f  l im e s to n e  beds 1 
t o  4 f e e t  t h ic k  in te r b e d d e d  w i t h  num erous 1 t o  2 in c h  t h ic k  beds o f  
medium g ra y  d o lo m it ic  l im e s to n e .  The u p p e r p a r t  c o n s is ts  o f  l im e ­
s to n e  beds 1 t o  3 f e e t  t h i c k  and i s  c h a r a c t e r iz e d  by an abundance o f  
i r r e g u l a r  le n s e s  and n o d u le s  o f  bed ded  c h e r t  1 t o  4 in c h e s  t h ic k  
s e p a r a te d  by 6 t o  8 in c h  i n t e r v a l s  o f  l im e s to n e #  and by beds con­
t a in in g  num erous c r in o id  f ra g m e n ts . The fo r m a t io n  w e a th e rs  l i g h t  
g r a y .  The b as e  o f  th e  fo r m a t io n  i s  n o t  e x p o s e d .
C a s t le  R e e f D o lo m ite ? The C a s t le  R e e f D o lo m ite  c o n s is ts  o f  l i g h t  
t o  v e r y  l i g h t  g ra y  (N 7 -N 8 )  f i n e  t o  c o a r s e -g r a in e d  m a s s iv e ly -b e d d e d  
d o lo m ite  i n  th e  lo w e r  and u p p e r p a r t s  and m a s s iv e ly -b e d d e d  lim e s to n e  
and d o lo m it ic  l im e s to n e  i n  th e  m id d le  p a r t . The m id d le  p a r t  c o n ta in s  
s e v e r a l  zones  o f  t h in ly - b e d d e d  d a r k -g r a y  c h e r t  w h ich  p ro d u ces  d i s t i n c t  
b a n d in g  i n  th e  l i g h t  g ra y  l im e s to n e s .  The c o a r s e ly -g r a in e d  d o lo m ite s  
c o n ta in  an abundance o f  c r in o id  fra g m e n ts  # g iv in g  th e  ro c k s  t h e i r  
t e x t u r e .  The fo r m a t io n  w e a th e rs  v e ry  l i g h t  g r a y .
A t h i n  s e c t io n  fro m  th e  u p p e r p a r t  o f  th e  A l la n  M o u n ta in  L im e­
s to n e  shows th e  ro c k  i s  composed o f  l im e  mud t h a t  i s  p a r t i a l l y  r e p -
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la c e d  by c a l c i t e .  The c a l c i t e  g r a in s  a v e ra g e  0 .0 4  m i l l im e t e r s  in  
d ia m e te r  b u t  few  g r a in s  a re  up t o  0 .1 0  m i l l im e t e r s  in  d ia m e te r .
P re s e n t  a re  few  p a tc h e s  s e v e r a l  m i l l im e t e r s  in  le n g th  c o n s is t in g  
o f  e u h e d r a l  c a l c i t e  g r a in s  l a r g e r  th a n  th e  a v e ra g e  s i z e .  F o s s i l  
d e b r is  i s  a b s e n t i n  t h i s  p a r t i c u l a r  s e c t io n ,
A t h i n  s e c t io n  fro m  th e  m id d le  p a r t  o f  th e  C a s t le  R e e f D o lo m ite  
shows th e  ro c k  i s  a f o s s i l i f e r o u s  lim e s to n e  c o n s is t in g  o f  ap p ro x ­
im a te ly  40 p e r c e n t  c r in o id  fra g m e n ts  i n  a mud m a t r ix  t h a t  i s  p a r t i a l l y  
r e c r y s t a l l i z e d  t o  c l e a r  c a l c i t e .  The g r a in s  ra n g e  fro m  0 ,0 5  m i l l i ­
m e te rs  t o  0 ,4 0  m i l l im e t e r s  b u t  a v e ra g e  s iz e  i s  ab o u t 0 ,1 0  m i l l im e t e r s ,  
C r in o id  and o t h e r  f o s s i l  fra g m e n ts  o f  v a r io u s  s iz e s  a re  p a r t i a l l y  
s i l i c i f i e d .  P e l l e t s  t h a t  a v e ra g e  0 ,2 0  m i l l im e t e r s  in  d ia m e te r ,  
i n t r a c l a s t s  up t o  3 ,0  m i l l im e t e r s  i n  d ia m e te r ,  d o lo m ite  rhombs and  
h e m a t ite  a re  m in o r  c o n s t i t u e n t s .
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JURASSIC  
E l l i s  Group
The E l l i s  F o rm a tio n  ( P e a le  1 8 9 3 ) was named f o r  e x p o s u re s  n e a r  
th e  s i t e  o f  F o r t  E l l i s ,  a few  m ile s  s o u th w e s t o f  Bozem an, Montana»  
Cobban e t  a l .  ( 1 9 4 5 ,  p . 4 5 1 )  d e s ig n a te d  th e  n o r th  s id e  o f  Rocky C reek  
C anyon , ab o u t 7 m ile s  s o u th e a s t  o f  Bozem an, th e  ty p e  s e c t io n  f o r  
M id d le  and U p p er J u r a s s ic  m a rin e  r o c k s .  L a t e r ,  Cobban, ( 1 9 4 5 ,  p . 1 2 6 8 -  
1 2 8 1 ) d iv id e d  th e  E l l i s  i n t o  t h r e e  f o r m a t io n s ,  w h ic h  a r e ,  in  a s c e n d in g  
o r d e r .  S a w to o th , R ie rd o n  and S w i f t .  The E l l i s  Group i s  a p p ro x im a te ly  
320 f e e t  t h ic k  i n  th e  map a r e a ,  and r e s t s  d i s c o n fo rm a b ly  on th e  
M adison G roup .
S a w to o th  F o rm a tio n  ; The S a w to o th  F o rm a tio n  (C o b b a n , 1 9 4 5 , p . 1 2 7 0 )  
i s  named fro m  th e  S a w to o th  Range and R ie rd o n  G u lch  i s  d e s ig n a te d  th e  
ty p e  s e c t io n .  The fo r m a t io n  i s  a p p ro x im a te ly  55 f e e t  t h i c k ;  th e  
lo w e r  p a r t  c o n s is ts  o f  l i g h t  b ro w n is h  g ra y  (5Y R  6 / 1 )  sa n d s to n e  w h ich  
i s  f i n e - g r a i n e d ,  l im o n i t e  s t a in e d  and c a lc a r e o u s .  I t  i s  o v e r la in  by  
a l t e r n a t i n g  medium l i g h t  g ra y  ( N 6 ) ,  f i s s i l e  and c h u n k y , s i l t y  and  
c la y e y  s h a le s ,  some o f  w h ic h  a re  c a lc a r e o u s .  The u p p e r p a r t  c o n s is ts  
m a in ly  o f  l i g h t  g ra y  (N 7 )  t h in -b e d d e d ,  c a lc a re o u s  s i I t s t o n e s .  The  
S a w to o th  F o rm a tio n  i s  p o o r ly  exp o sed  in  th e  map a r e a ,
R ie rd o n  F o r m a t io n s The R ie rd o n  F o rm a tio n  (C o b b a n , 1 9 4 5 , p .  1 2 7 7 )  
s named fro m  R ie rd o n  G u lch  i n  th e  S a w to o th  Range f o r  a group o f  
a l t e r n a t i n g  s h a le s  and l im e s to n e s .  The fo r m a t io n  i s  a p p ro x im a te ly
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150 f e e t  t h i c k  i n  th e  map a r e a  and c o n s is ts  o f  medium l i g h t  g ra y  
( N 6 ) ,  f i s s i l e  and c h u n k y , c a lc a re o u s  s h a le s  t h a t  w e a th e r  g r a y is h  
o ran g e  p in k  (SYR 7 / 2 ) .  Many 4 t o  8 in c h  t h ic k  beds o f  medium g ra y  
(N 5 )  n o d u la r ,  f o s s i l i f e r o u s  l im e s to n e s  a re  in te rb e d d e d  in  th e  
m id d le  p a r t  o f  th e  f o r m a t io n .  W a te r -w o rn  G ryphaea  a re  ab u n d an t in  
th e  th in -b e d d e d  l im e s to n e s .
I n  t h i n  s e c t io n ,  a l im e s to n e  sam ple fro m  th e  R ie rd o n  F o rm a tio n  
i s  a r e c r y s t a l l i z e d  f o s s i l i f e r o u s  lim e s to n e  t h a t  c o n s is ts  o f  abo u t 
25 p e r c e n t  f o s s i l  f ra g m e n ts  and 75 p e r c e n t  g r a in s  t h a t  ra n g e  fro m  
0 .0 6  m i l l im e t e r s  t o  0 .1 0  m i l l im e t e r s  in  d ia m e te r  b u t  a v e ra g e  s iz e  
i s  ab o u t 0 .0 7  m i l l im e t e r s .  The o r i g i n a l  t e x t u r e  o f  th e  m a t r ix  has  
been  o b l i t e r a t e d  b y  r e c r y s t a l l i z a t i o n  t o  a m o sa ic  c o n s is t in g  m a in ly  
o f  s u b h e d ra l  and a n h e d r a l  c a l c i t e  c r y s t a l s .  The c a l c i t e  g r a in s  
b e tw een  f o s s i l  f ra g m e n ts  a re  g e n e r a l ly  e q u id im e n s io n a l ,  b u t  a re  e l ­
o n g ate  and n o rm a l t o  th e  f o s s i l  fra g m e n t s u r fa c e s .  The p e le c y p o d  
s h e l ls  a re  o n ly  p a r t i a l l y  r e  c r y s t a l l i z e d ,  and much o f  t h e i r  o r i g i n a l  
s t r u c t u r e  i s  p r e s e r v e d .  The fra g m e n ts  ra n g e  i n  s i z e  fro m  0 .5  m i l l i ­
m e te rs  t o  1 c e n t im e te r  i n  le n g t h .  T in y  g a s tro p o d s  a re  p r e s e n t  in  
th e  am ount o f  le s s  th a n  2 p e r c e n t  and a re  a lm o s t e n t i r e l y  r e p la c e d  
by c e l lo p h a n e .  The f o s s i l  fra g m e n ts  a re  ran d o m ly  o r ie n t e d  and  
lo o s e ly  p a c k e d .
S w i f t  F o r m a t io n ; The S w i f t  F o rm a tio n  (C o b b a n , 1 9 4 5 , p .  12 8 1 )  
ta k e s  i t s  name fro m  S w i f t  R e s e r v o ir  on B ir c h  C reek  i n  th e  S aw to o th  
R an g e, I n  th e  map a r e a  th e  fo r m a t io n  i s  a p p ro x im a te ly  115 f e e t  t h ic k  
and c o n s is ts  o f  medium l i g h t  g ra y  (N 6 ) s i l t y  and c a lc a r e o u s ,  s l i g h t l y
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m icaceou s s h a le s  i n  th e  lo w e r  p a r t  o v e r la in  by l i g h t  b ro w n is h  g ra y  
(5Y R  6 / 1 )  f i n e  t o  v e r y  f in e - g r a i n e d ,  s l i g h t l y  c a lc a re o u s  s a n d s to n e .
The s a n d s to n e  i s  l im o n i t e  s t a in e d ,  th in -b e d d e d  and c ro s s -b e d d e d , and  
c o n ta in s  b la c k  c h e r t  g r a in s ,  g iv in g  i t  a f i n e  s a l t - a n d -p e p p e r  t e x t u r e .  
The s a n d s to n e  fo rm s  a s l i g h t  r id g e  in  th e  a r e a .  A t th e  base  t h e r e  i s  
a t h i n  s a n d s to n e  b ed  c o n ta in in g  w a te r -w o rn  b e le m n ite s ,
A t h i n  s e c t io n  fro m  th e  u p p e r  p a r t  o f  th e  S w i f t  F o rm a tio n  shows 
t h a t  th e  ro c k  i s  a c a l c i t e  cem ented  s a n d s to n e . I t  c o n s is ts  o f  
a p p ro x im a te ly  60 t o  70 p e r c e n t  o f  su b ro u n d  t o  ro u n d , w e l l  s o r te d  
q u a r t z  g r a in s  t h a t  ra n g e  fro m  0 . 1  m i l l im e t e r s  t o  0 .5  m i l l im e t e r s  in  
d ia m e te r  b u t  th e  a v e ra g e  s iz e  i s  a b o u t 0 .3  m i l l im e t e r s .  The g r a in s  
a re  c l e a r ,  e q u id im e n s io n a l  w i t h  s t r a i g h t  t o  s l i g h t l y  u n d u lo s e  e x t in c ­
t i o n .  Q u a r tz  o v e rg ro w th  a re  p r e s e n t  on ab o u t 1 p e r c e n t  o f  th e  g r a in s .  
O rth o c la s e  f e ld s p a r  i s  p r e s e n t  i n  th e  amount o f  a p p ro x im a te ly  10 
p e r c e n t  and p la g io c la s e  f e ld s p a r  i s  le s s  th a n  1 p e r c e n t .  T h e  f e l d ­
s p a r  g r a in s  a re  s l i g h t l y  w e a th e re d  and show i r o n  s t a in in g  aro u n d  
t h e i r  b o r d e r s .  C h e rt i s  p r e s e n t  i n  th e  amount o f  ab o u t 5 p e r c e n t  and  
i s  g e n e r a l ly  more a n g u la r  th a n  th e  q u a r t z  g r a in s .  The c a l c i t e  g r a in s  
a re  s u b h e d ra l  t o  a n h e d r a l ,  c lo u d y  and a v e ra g e  0 . 1  m i l l im e t e r s  in  
d ia m e te r .
M o r r is  on Form at io n
The M o rr is o n  F o rm a tio n  i s  U pper J u r a s s ic  and was named by E ld r id g e  
^ 1 8 9 6 , p . 2 2 ,  6 0 )  f o r  beds o f  v a r ic o lo r e d  s h a le s ,  s a n d s to n e s  and f r e s h -
— 33 —
w a te r  l im e s to n e s  o c c u r r in g  n e a r  M o r r is o n ,  C o lo ra d o , Im la y  ( 1 9 5 2 ,  
po9 5 3 -9 6 0 )  c o r r e la t e d  t h e  J u r a s s ic  fo r m a t io n s  in  th e  w e s te rn  
i n t e r i o r  o f  t h e  U n ite d  S t a t e s ,  I n  M o n ta n a , th e  M o rr is o n  F o rm a tio n  
cro p s  o u t  i n  th e  c e n t r a l ,  s o u t h - c e n t r a l ,  s o u th w e s te rn  and n o r t h ­
w e s te rn  p a r t s  o f  th e  s t a t e  and i s  p r e s e n t  in  th e  s u b s u r fa c e  t o  th e  
6 a s t ,
The M o rr is o n  F o rm a tio n  i s  195 f e e t  t h ic k  i n  th e  Sun R iv e r  a r e a  
(M u d g e , 1 9 5 9 ,  p , 2 0 ) ,  and i s  e s t im a te d  t o  have  th e  same th ic k n e s s  i n  
th e  map a r e a .  I t  c o n s is ts  o f  g r a y is h  o l iv e  ( IC Y  4 / 2 )  m udstones i n t e r ­
bedded  w i t h  l i g h t  o l i v e  g re e n  (5 Y  5 / 2 )  th in -b e d d e d ,  f in e - g r a in e d  
f r i a b l e  s a n d s to n e s . The m id d le  p a r t  c o n ta in s  s e v e r a l  g re e n is h  g ra y  
(5GY 6 / 1 ) ,  n o d u la r  w e a th e r in g  a r g i l la c e o u s  l im e s to n e  beds 6 in c h e s  
t o  1 f o o t  t h ic k  and c o n ta in s  few  n o n m a rin e  in v e r t e b r a t e  fra g m e n ts .
The fo r m a t io n  w e a th e rs  t o  fo rm  a  s h a llo w  d e p re s s io n  b e tw een  th e  more 
r e s i s t a n t  s a n d s to n e s  o f  th e  o v e r ly in g  K o o te n a i and th e  u n d e r ly in g  
S w if t  fo r m a t io n s ,
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CRETACEOUS 
K o o te n a i F o rm a tio n
The Low er C re ta c e o u s  ro c k s  in  th e  Rocky M o u n ta in s  n o r th  o f  th e  
4 9 th  P a r a l l e l  w ere  o r i g i n a l l y  named th e  K o o ta n ie  Group by Dawson 
(1 8 8 5 )  f o r  bed s c o n ta in in g  a re m a rk a b le  J u ra s  s o -C re ta c e o u s  f l o r a ,  
F is h e r  ( 1 9 0 9 ,  p . 2 8 - 3 5 )  a s s ig n e d  a 475 fo o t  t h ic k  sequence o f  c o a l -  
b e a r in g  s h a le s  and s a n d s to n e s  in  th e  G re a t F a l l s ,  M ontana a r e a  t o  
th e  K o o te n a i F o r m a t io n , w h ic h  he b e l ie v e d  t o  be e q u iv a le n t  t o  th e  
K o o te n ay  F o rm a tio n  o f  s o u th w e s te rn  A lb e r t a ,  B e r ry  ( 1 9 2 9 ,  p ,2 4 1 )  
has shown th e  K o o te n a i o f  M ontana t o  be a t  l e a s t  in  p a r t  e q u iv a le n t  
t o  th e  J u r a s s o -C re ta c e o u s  K o o te n ay  and th e  Low er C re ta c e o u s  B l a i r -  
more fo r m a t io n s  o f  A lb e r t a ,  C h i ld e r s  ( 1 9 6 3 ,  p ,1 5 2 )  s t a t e d , , ,  The 
K o o te n a i F o rm a tio n  i s  a t  l e a s t  p a r t l y  e q u iv a le n t  t o  th e  B la irm o re  
F o rm a tio n  and may be e q u iv a le n t  t o  b o th  th e  B la ir m o re  and K o o ten ay  
o f  C a n a d a ,”
The K o o te n a i F o rm a tio n  i s  650 f e e t  t h ic k  in  th e  Sun R iv e r  a r e a  
(M u d g e , 1 9 5 9 , p ,2 0 )  and i s  a p p ro x im a te ly  900 f e e t  t h ic k  i n  th e  s o u th ­
w e s t c o m e r  o f  th e  Sc^po q u a d ra n g le  ( D e is s ,  1 9 4 3 , p . 2 3 6 ) ,  Cobban 
( 1 9 5 5 ,  p ,1 0 7 )  s t a t e s  t h a t  th e  fo r m a t io n  th ic k e n s  s o u th w e s tw a rd  fro m  
ab o u t 350 f e e t  n e a r  t h e  S w e e tg ra s s  H i l l s  t o  more th a n  1 ,3 0 0  f e e t  in  
th e  D is tu r b e d  B e l t ,  I n  th e  map a r e a ,  th e  fo r m a t io n  i s  e s t im a te d  t o  
be b e tw e e n  900 and 1 ,0 0 0  f e e t  t h i c k ,  and c o n fo rm a b ly  o v e r l ie s  th e  
M o rr is o n  F o rm a t io n , The to p  o f  th e  fo r m a t io n  i s  n o t  e x p o s e d . Because
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th e  K o o te n a i ro c k s  a re  t i g h t l y  f o ld e d  and f a u l t e d ,  an o r d e r ly  s t r a t i ­
g r a p h ie  s u c c e s s io n  c o u ld  n o t  be d e te rm in e d .
The lo w e r  200 t o  300 f e e t  o f  th e  K o o te n a i F o rm a tio n  t h a t  o v e r l ie s  
th e  M o rr is o n  F o rm a tio n  c o n s is ts  o f  a b a s a l  sa n d s to n e  o v e r la in  by f i n e r  
e l a s t i c s .  The lo w e r  p a r t  c o n s is ts  o f  l i g h t  b ro w n is h  g ra y  ( 5YR 6 / 1 )  
f i n e  t o  m e d iu m -g ra in e d , th ic k -b e d d e d  s a n d s to n e . I t  i s  c ro s s -b e d d e d ,  
n o n c a lc a re o u s  and l im o n i t e  s t a in e d  th r o u g h o u t .  The u p p e r  p a r t  c o n s is ts  
o f  m o d era te  r e d d is h  brow n ( lO R  4 / 6 )  s i l t s t o n e ,  m udstones and f i n e  t o  
m e d iu m -g ra in e d , th in -b e d d e d  s a n d s to n e s .
An e s t im a te d  600 t o  700 f o o t  t h ic k  sequence o f  s a n d s to n e s , s h a le s ,  
m udstones and  l im e s to n e s  o c c u r  i n  th e  c e n t r a l  fo ld e d  a r e a  (F ig u r e  6 ) .
I t  i s  bounded on th e  e a s t  by th e  N o rth  F o rk  F a u lt  and on th e  w es t by  
th e  Red C reek  F a u l t  ( S e c t io n  B - B * ) .  A sequence o f  s h a le ,  san d s to n e  
and l im e s to n e  fo rm  th e  b as e  o f  t h i s  se q u e n c e . The s h a le s  a re  medium  
g ra y  and g ra y  g r e e n ,  chunky t o  p o o r ly  f i s s i l e  and s l i g h t l y  m ic a c e o u s .
The s a n d s to n e s  a re  g r a y is h  g re e n  (lO G  4 / 2 ) ,  f i n e  t o  m e d iu m -g ra in e d ,  
and c o n ta in  v a r y in g  am ounts o f  l im o n i t e  and b la c k  c h e r t .  Cross b e d d in g  
i s  p ro m in e n t i n  m ost b e d s . A n o n f o s s i l i f e r o u s  l im e s to n e  b ed  5 t o  8 f e e t  
t h ic k  m arks th e  to p  o f  t h i s  s e q u e n c e . The l im e s to n e  i s  medium d a rk  
g ra y  ( N 4 ) ,  d e n s e , and w e a th e rs  l i g h t  t o  p in k is h  g r a y .
The n e x t  o v e r ly in g  u n i t  c o n s is ts  o f  in te r b e d d e d  s a n d s to n e , s h a le  
and m udstones s i m i l a r  t o  th e  ro c k s  d e s c r ib e d  a b o v e . N e a r  th e  to p  o f  
t h i s  s e q u e n c e , j u s t  e a s t  o f  Red C reek  F a u l t *  i s  a  15 t o  20 f o o t  t h ic k  
conglomerate bed  composed o f  c h e r t  p e b b le s  o n e - h a l f  t o  one in c h  in  
d ia m e te r .  The b ed  w e a th e rs  a v e ry  p ro m in e n t r e d d is h  brow n c o lo r .
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A t h i n  s e c t io n  fro m  th e  lo w e r  s a n d s to n e  bed  o f  th e  K o o te n a i 
F o rm a tio n  shows th e  ro c k  i s  a  s i l i c a  c e m e n te d , c h e r t  b e a r in g  q u a r tz  
san d sto n e»  The g r a in s  a re  s u b a n g u la r  t o  su b ro u n d ed  and m o d e ra te ly  
s o r t e d .  The g r a in s  ra n g e  fro m  0 .2 5  m i l l im e t e r s  t o  0 .7 5  m i l l im e t e r s  
i n  d ia m e t e r ,  b u t  a v e ra g e  g r a in  s iz e  i s  ab o u t 0 .4 0  m i l l im e t e r s .  
A p p ro x im a te ly  50 p e r c e n t  o f  th e  q u a r t z  g r a in s  have  o v e rg ro w th s  on 
w e l l  ro u n d ed  n u c l e i ,  r e s u l t i n g  i n  a m o sa ic  o f  e q u id im e n s io n a l i n t e r ­
lo c k in g  g r a in s .  E x t in c t io n  i s  s l i g h t l y  t o  s t r o n g ly  u n d u lo s e , and a 
few  g r a in s  a re  c o m p o s ite . I n  g e n e r a l ,  th e  q u a r t z  g r a in s  a re  c lo u d y  
and c o n ta in  v a c o u le s  and in c lu s io n s  o f  p l a t y  m in e r a ls .  The ro c k  
c o n ta in s  a p p ro x im a te ly  5 p e r c e n t  o r th o c la s e  and 20 t o  25 p e rc e n t  
a n g u la r  t o  sub a n g u la r  c h e r t  g r a in s ,  w h ic h  g iv e  th e  ro c k  a s a l t  and  
p e p p e r  a p p e a ra n c e .
F ig u r e  6 .  V iew  lo o k in g  n o r th e a s t  sho w ing  th e  c e n t r a l  fo ld e d  a r e a ,  
and th e  d ip - s lo p e  o f  a M adison t h r u s t  in  b a c k g ro u n d .
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QUATERNARY
U n c o n s o lid a te d  p le is to c e n e  f l u v i o - g l a c i a l  sand and g r a v e l ,  and R ecen t 
a l lu v iu m  h av e  been  re c o g n iz e d  in  th e  map a re a  and o u t on th e  p la in s  e a s t  
o f  th e  m o u n ta in  f r o n t ,  b u t th e s e  d e p o s its  w ere  mapped as a s in g le  u n d i f ­
f e r e n t ia t e d  u n i t  Qg. W ith  th e  e x c e p t io n  o f  S t r a i g h t ,  Wood and F o rd  C re e k s , 
m ost o f  th e  v a l l e y s  c o n ta in  l i t t l e  P le is to c e n e  o r  R e cen t d e p o s its .
S tream s h av e  rem oved m ost o f  th e  m a t e r ia l  s in c e  th e  r e t r e a t  o f  th e  v a l l e y  
g l a c i e r s ,  and a r e  a c t i v e l y  c u t t in g  down i n  th e  U -sh ap ed  v a l l e y s .  M ost o f  
th e  s e d im e n ts  i n  th e  u n g la c ia t e d  v a l le y s  is  a l lu v iu m  c o n s is t in g  o f  s i l t ,  
sand and w e ll - r o u n d e d  g r a v e l .  I n  th e  n o r th w e s t c o rn e r  o f  th e  map a re a  
a re  two s m a ll  la k e s  i n  w h ich  f i n e  s i l t s  a re  now a c c u m u la tin g .
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IGNEOUS ROCKS
Ig n e o u s  ro c k s  o f  p ro b a b le  p re -L a ra m id e  i n  age a r e  re p r e s e n te d  by a 
q u a r tz  d l o r i t e  s i l l  i n  th e  Wood Lake  a r e a ,  and by a q u a r tz  d i o r i t e  to  
d ia b a s e  s i l l  i n  th e  P e t t y  C re e k  a r e a .
The s i l l  i n  th e  Wood L ak e  a r e a  i s  a p p ro x im a te ly  IS O O fe e t t h ic k  a t  
th e  w e s te rn  map b o u n d a ry , b u t d e c re a s e s  in  th ic k n e s s  s o u th e a s tw a rd . The  
s i l l  i s  medium  g r e y ,  medium c r y s t a l l i n e ,  and composed m a in ly  o f  w h ite  to  
p in k  c o lo r e d  p la g io c la s e ,  h o rn b le n d e  and q u a r t z .  A s tu d y  o f  a  t h in  
s e c t io n  r e v e a ls  th e  ro c k  to  c o n s is t  o f  a b o u t 40  p e rc e n t  zoned p la g io ­
c la s e ,  18 p e r c e n t  q u a r t z ,  35 p e r c e n t  h o rn b le n d e , 7 p e rc e n t  b i o t i t e  and  
m in o r am ount o f  p ig e o n i t e  and a p a t i t e .  The p la g io c la s e  i s  c o n s id e r a b ly  
s e r i c i t i z e d .  The r o c k  i s  r e l a t i v e l y  f r e s h  a p p e a r in g , th e  a l t e r a t i o n s  
n o t ic e d  b e in g  th e  fo r m a t io n  o f  c h l o r i t e  a t  th e  exp ense o f  b i o t i t e  and 
h o rn b le n d e .
The u p p e r c o n ta c t  o f  t h i s  s i l l  i s  i n t r u s iv e  in t o  th e  A horn a r g i l l i t e  
and i t s  b a s a l  c o n ta c t  i s  th e  L e w is  t h r u s t .  The age o f  in t r u s io n  can n o t  
be d e te rm in e d  s p e c i f i c a l l y  fro m  f i e l d  e v id e n c e .^
The s i l l  i n  th e  P e t t y  C re e k  a r e a  i s  a p p ro x im a te ly  500 f e e t  t h ic k  a t  
th e  s o u th e rn  map b o u n d a ry , b u t  i s  c u t  o u t a t  th e  s u r fa c e  by th e  L ew is  
t h r u s t  in  a s a d d le  j u s t  e a s t  o f  Crown M o u n ta in . U nder a b in o c u la r  s c o p e , 
th e  r o c k  i s  g re e n  to  g r e e n is h -b la c k  and a p p e a rs  to  c o n s is t  o f  a b o u t 70
1 T h is  s i l l  has been  t r a c e d  6 m ile s  n o r th w a rd  by M c G il l  and  
Soirmers (G e o l,  Soc. o f  A m e ric a  B u l l  V o l .  7 8 , 1 9 6 7 ) in t o  a 
s i l l  mapped as P re c a m b ria n  by Mudge ( P r e t t y  P r a i r i e  quad­
r a n g le ,  U .S . G e o lo g ic a l  S u rv e y  Map GQ -  4 5 4 ) .
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p e r c e n t  w h it e  m in e r a l ,  m a in ly  f e ld s p a r  in  r a t h e r  s tu b b y  l a t h s ,  and ab o u t  
30 p e r c e n t  d a r k  m in e r a l  n o t  i d e n t i f i a b l e  on a sawed s u r fa c e .  A s tu d y  
o f  a t h i n  s e c t io n  r e v e a ls  th e  ro c k  to  c o n s is t  o f  a b o u t 30 p e rc e n t  brown  
h o r n b le n d e , 5 p e r c e n t  o re  m in e r a l ,  55 p e rc e n t  a l t e r e d  p la g io c la s e  and  
10 p e r c e n t  m ic ro g r a p h ie  q u a r t z  and p o s s ib ly  o r t h o c la s e .  G ra in  s iz e  
a v e ra g e s  a b o u t 1 m i l l i m e t e r .  The s i l l  i s  s h e a re d  and s l ic k e n s id e d ,  
w e a th e rs  r e d d is h -b r o w n , and fo rm s a  to p o g ra p h ic  h ig h .
The o r i g i n a l  u p p e r (w e s te r n )  c o n ta c t  o f  th e  P e t t y  C re e k  s i l l  i s  
o b s c u re d  by f a u l t i n g .  A lth o u g h  th e  lo w e r  c o n ta c t  w i t h  D e vo n ian  s t r a t a  
was n o t  fo u n d  e x p o s e d , a p ro s p e c t  p i t  n e a r  th e  c o n ta c t  (s am p le  l o c a l i t y  
2 5 7 ) r e v e a ls  q u a r tz  v e in s  i n  th e  c a rb o n a te  s u g g e s t iv e  o f  an i n t r u s iv e  
c o n ta c t .  B ecause o f  t h i s  m in e r a l i z a t io n  and b ecau se  o f  c e r t a i n  d i f f e r ­
ences i n  t e x t u r e  and c o m p o s it io n  b e tw een  th e  two random sam ples fro m  
th e  s i l l s  a t  Wood Lake  and P e t t y  C re e k , th e  s i l l  a t  th e  l a t t e r  l o c a l i t y  
i s  in t e r p r e t e d  to  be i n t r u s iv e  i n t o  D e v o n ia n  r o c k s , an a s s u m p tio n  w h ic h  
le a d s  to  th e  l e a s t  in v o lv e d  s t r u c t u r a l  r e l a t i o n s .  The age o f  t h i s  s i l l  i s  
p ro b a b ly  C re ta c e o u s . D e is s  (1 9 4 3 a , p . 2 4 8 ) s ta te d  t h a t  th e  s i l l s  in  th e  
K o o te n a i F o rm a tio n  and in  th e  yo u n g e r ro c k s  o f  th e  C o lo ra d o  Group in  th e  
S a w to o th  Range w ere  in t r u d e d  p r i o r  to  f o ld in g .  He a ls o  s ta te d  t h a t  th e  
s i l l s  w e re  in t r u d e d  b e fo r e  th e  e a r l i e s t  f a u l t i n g ,  p ro b a b ly  l a t e  in  th e  
C r e ta c e o u s , and t h a t  th e  f o ld in g  o f  th e  s i l l s  may have p rece d ed  th e  
f a u l t i n g .
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STRUCTURAL GEOLOGY 
S t r u c t u r a l  S e t t in g
The S a w to o th  R ange, w h ic h  form s th e  f r o n t  o f  th e  N o r th e rn  Rocky  
M o u n ta in s , e x te n d s  fro m  G la c ie r  N a t io n a l  P a rk  f o r  85 m ile s  s o u th  to  th e  
D e a rb o rn  R iv e r  ( F ig u r e  4 ) .  The ran g e  i s  s e p a ra te d  s t r u c t u r a l l y  fro m  th e  
L ew is  and C la r k  Range on th e  w est by th e  L ew is  t h r u s t ,  w h ic h  b ro u g h t P r e ­
c a m b ria n  ro c k s  e a s tw a rd  o v e r  P a le o z o ic  ro c k s  o f  th e  p re s e n t  S aw too th  Range 
The e a s te r n  f r o n t  c o n s is ts  o f  a b ru p t  esc arp m en ts  o f  M is s is s ip p ia n  ro c k s  
s ta n d in g  above th e  p la in s .
Based on  th e  i n t e n s i t y  o f  d e fo r m a t io n ,  th e  a re a  o f  p re s e n t  s tu d y  is  
d iv id e d  in t o  t h r e e  p a r t s :  a s o u th w e s te rn  a r e a ,  a c e n t r a l  c lo s e ly  fo ld e d
a re a  and a n o r t h e a s te r n  a r e a .  The s o u th w e s te rn  a re a  l i e s  w est o f  th e  
L e w is  t h r u s t  and i s  c h a r a c t e r iz e d  by b ro a d , g e n t le  and n e a r ly  s y m m e tr i­
c a l  f o ld s  i n  P a le o z o ic  ro c k s . The c e n t r a l  c lo s e ly  fo ld e d  a re a  l i e s  b e ­
tw een  th e  L e w is  t h r u s t  and th e  N o rth  F o rk  o f  F o rd  C re e k . T h is  a re a  is  
c h a r a c t e r iz e d  by w e s tw a r d -d ip p in g  n o rm a l and t h r u s t  f a u l t s ,  and by i n ­
t e n s e ly  fo ld e d  C re ta c e o u s  and J u r a s s ic  s t r a t a .  The n o r th e a s te r n  a re a  
l i e s  e a s t  o f  th e  N o r th  F o rk  o f  F o rd  C re e k , and is  c h a r a c te r iz e d  by w e s t -  
d ip p in g  t h r u s t  f a u l t s  and by m in o r  f o ld s .
The s t r u c t u r a l  d iv is io n s  used  i n  th e  map a re a  l i e  i n  e x te n s io n s  
D e is s * s  w e s te rn  and e a s te r n  s t r u c t u r a l  p ro v in c e s  of th e  S o u th w est Saypo 
q u a d ra n g le  ( D e is s ,  1 9 4 3 a ) .  The c e n t r a l  c lo s e ly  fo ld e d  a re a  and th e  n o r t h ­
e a s te r n  a re a  c o in c id e  w it h  M udge*s w e s te rn  a r e a  in  th e  Sun R iv e r  a r e a  
(M udge, 1 9 5 9 ) .
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F ig u r e  7 . V ie w  show ing M is s is s ip p ia n  t h r u s t  s l ic e s  fo rm in g  th e  
f r o n t  o f  th e  S a w to o th  Range.
Fo Id s
The s o u th w e s te rn  a r e a ,  w h ic h  l i e s  w est o f  th e  L ew is  t h r u s t  f a u l t ,  
c o n ta in s  a p a i r  o f  b ro a d , g e n t le  fo ld s  t h a t  t re n d  N .35^W . These a re  th e  
Crown M o u n ta in  s y n c l in e  and th e  S t r a ig h t  C ree k  a n t i c l i n e .  The s y n c lin e  
i s  n e a r ly  s y m m e tr ic a l,  w i t h  d ip s  on th e  n o r th e a s t  lim b  fro m  20 to  40 
d e g re e s , and d ip s  on th e  s o u th w e s t lim b  fro m  18 to  30 d e g re e s . To th e  
s o u th w e s t , th e  a d jo in in g  a n t i c l i n e  i s  n e a r ly  s y m m e tr ic a l,  w ith  d ip s  on  
th e  s o u th w e s t lim b  fro m  33 to  44 d e g re e s . P re c a m b r ia n , C am b rian  and
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D e v o n ia n  ro c k s  fo rm in g  th e s e  f o ld s  w ere  t h r u s t  fro m  th e  w est o v e r  ro c k s  o f  
D e v o n ia n  and C re ta c e o u s  age (S e c t io n  C - C ) .
The c e n t r a l  c lo s e ly  fo ld e d  a r e a ,  w h ic h  I s  a b o u t two and o n e - h a l f  m ile s  
w id e , l i e s  b e tw e e n  th e  L e w is  t h r u s t  and th e  N o r th  F o rk  o f  F o rd  C re e k . H e re  
th e  C re ta c e o u s  and J u r a s s ic  ro c k s  w ere  d e fo rm ed  In t o  a c o n tin u o u s  com plex  
o f  a n t i c l i n e s  and s y n c lin e s  t h a t  t re n d  N .3 0 °W . F o ld s  v a ry  fro m  open and 
n e a r ly  s y m m e tr ic a l to  i s o c l i n a l  and o v e r tu r n e d .  The f o ld s  b e tw een  C yan id e  
M o u n ta in  and th e  Red C re e k  f a u l t  a re  n e a r ly  s y m m e tr ic a l I n  th e  v i c i n i t y  o f  
F o rd  C re e k  ( S e c t io n  B - B * ) ,  b u t  a re  o v e r tu r n e d  to  th e  n o r th e a s t  when t r a c e d  
n o r th w e s t ,  w h ere  a x i a l  p la n e s  d ip  a p p ro x im a te ly  40 d e g re e s  to  th e  s o u th w es t 
( S e c t io n  A - A ' ) .  On th e  w est s id e  o f  th e  Red C ree k  f a u l t ,  a th r e e  m ile  
lo n g  d o u b ly  p lu n g in g  a n t i c l i n e  I n  J u r a s s ic  ro c k s  was t h r u s t  o v e r  a s m a lle r  
d o u b ly  p lu n g in g  a n t i c l i n e  I n  C re ta c e o u s  ro cks  on th e  e a s t  s id e  o f  th e  f a u l t .
B e tw een  th e  N o r th  F o rk  o f  F o rd  C re e k  and th e  Red C ree k  f a u l t ,  Mesozc \c  
ro c k s  fro m  a com plex  o f  a s y m m e tr ic a l and o v e r tu r n e d  a n t i c l i n e s  and s y n ­
c l in e s  t h a t  can  be t r a c e d  fro m  th e  n o r th e r n  bou n d ary  s o u th e a s t f o r  a d i s ­
ta n c e  o f  a p p ro x im a te ly  5 m ile s  to  th e  e a s te r n  b o u n d ary . F o ld s  i n  th e  
M e s o z o ic  ro c k s  a r e  n e a r ly  s y m m e tr ic a l n e a r  th e  n o r th e r n  b o u n d ary  ( S e c t io n  
A - A ' ) ,  b u t ,  w i t h  th e  e x c e p t io n  o f  one b a c k - fo ld e d  a n t i c l i n e ,  a re  o v e r tu r n e d  
to  th e  n o r th e a s t  n e a r  F o rd  C ree k  ( S e c t io n  B - B ' ) .  A t F o rd  C re e k , th e  a x i a l  
p la n e s  o f  th e  o v e r tu r n e d  f o ld s  d ip  b e tw een  35 and 40 d e g re e s  to  th e  s o u th ­
w e s t . A lo n g  F o rd  C re e k , b e tw e e n  th e  Red C ree k  f a u l t  and th e  N o rth  F o rk  o f  
F o rd  C re e k , num erous I r r e g u l a r  f o ld s  to o  s m a ll  map w ere seen In  th e  Incom ­
p e te n t  s h a le s  and m udstones o f  th e  K o o te n a i F o rm a tio n , F o ld s  n e a r  th e  
e a s te r n  map b o u n d ary  a r e  o n ly  s l i g h t l y  a s y m m e tr ic a l ( S e c t io n  C - C ' ) .
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I n  th e  n o r t h e a s te r n  a r e a ,  w h ic h  l i e s  e a s t  o f  th e  N o rth  F o rk  o f  F o rd  
C re e k , C re ta c e o u s  and J u r a s s ic  ro c k s  a r e  l i t t l e  d e fo rm ed  i n  th e  n o r th e r n  
p a r t  o f  th e  a r e a ,  b u t a r e  g e n t ly  fo ld e d  a lo n g  th e  n o r th  s id e  o f  F o rd  C reek . 
S outh  o f  F o rd  C re e k , C re ta c e o u s  ro c k s  a r e  defo rm ed  in t o  a com plex o f  sou th - 
p lu n g in g ,  o v e r tu r n e d  and i s o c l i n a l  a n t i c l i n e s  and s y n c lin e s .  These fo ld s  
a re  n o t c h a r a c t e r i s t i c  o f  th e  n o r th e a s te r n  a r e a ,  and a p p e a r to  b e lo n g  to  
th e  D is tu r b e d  B e l t  s t r u c t u r e .
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FAULTS
N o rm a l F a u lt s
Two n o rm a l f a u l t s  w ere  mapped I n  th e  c e n t r a l  c lo s e ly  fo ld e d  a re a .
These a r e  th e  N o r th  F o r k  f a u l t  and th e  Wood L ak e  f a u l t .  The N o r th  F o rk  
f a u l t  i s  lo c a te d  n e a r  th e  e a s te r n  b o u n d ary  o f  th e  c lo s e ly  fo ld e d  a r e a ,  
and p a r a l l e l s  th e  w e s t b ra n c h  o f  th e  N o rth  F o rk  o f  F o rd  C re e k  f o r  a p p r o x i ­
m a te ly  two m ile s  and th e n  c o n tin u e s  n o r th  and s o u th  beyond th e  map a re a .
The t r a c e  o f  th e  f a u l t  i s  w e l l  d e f in e d  a lo n g  th e  w est b ran c h  o f  th e  N o rth  
F o rk  o f  F o rd  C re e k  and n o r th  beyond th e  map b o u n d a ry , b u t i t  lo s e s  i t s  
d e f i n i t e  c h a r a c t e r  when t r a c e d  beyond th e  e a s te r n  map b o u n d ary . A lo n g  i t s  
n o r t h e r ly  t r a c e ,  a s o u th -p lu n g in g  a n t i c l i n e  i n  J u r a s s ic  s t r a t a  s t r ik e s  
in t o  and i s  t r u n c a te d  a t  th e  f a u l t .  S outh  o f  F o rd  C re e k , th e  s t r a t a  on  
th e  w e s t s id e  o f  th e  f a u l t  s t r i k e  e s s e n t i a l l y  p a r a l l e l  to  i t s  t r a c e ,  b u t  
on th e  e a s t  s id e ,  C re ta c e o u s  ro c k s  w ere  deform ed  in t o  a s e r ie s  o f  f o ld s  to o  
s m a ll  to  map t h a t  a re  o b l iq u e  to  th e  s t r i k e  o f  th e  f a u l t .  These fo ld s  
t r e n d  N .lO ^ E  and a re  t r u n c a te d  a t  th e  f a u l t  (S e c t io n  C - C ' ) .
The N o r th  F o rk  f a u l t  s t r ik e s  a p p ro x im a te ly  N .40®W , and based  on i t s  
t r a c e ,  d ip s  a b o u t 60 d e g re e s  to  th e  s o u th w e s t. D ip  s e p a r a t io n ,  and a ls o  
d i p - s l i p ,  a p p e a r  n o t to  exceed  500 f e e t .
The Wood L ak e  f a u l t  i s  a h ig h - a n g le ,  w e s t -d ip p in g  n o rm al f a u l t  lo c a te d  
n o r th e a s t  o f  Wood Lake  i n  th e  n o r th w e s t  c o rn e r  o f  th e  map a re a . The f a u l t  
t r a c e  te r m in a te d  a p p ro x im a te ly  one m ile  s o u th e a s t  o f  Wood Lake w here i t  is  
t r u n c a t e d  by a s o u th w e s t -d ip p in g ,  h ig h - a n g le  t h r u s t  f a u l t ;  i t  re a p p e a rs  
t h r e e  and o n e - h a l f  m ile s  to  th e  s o u th e a s t  i n  th e  P e t t y  C re e k  a re a . I t  
3 kes  N .4 0 °W  and i s  e s s e n t i a l l y  p a r a l l e l  to  th e  s t r i k e  o f  th e  s t r a t a .
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The w e s t b lo c k  was dow nthrow n r e l a t i v e  to  th e  e a s t  b lo c k ,  b r in g in g  ro c k s  
o f  J u r a s s ic  age  i n  c o n ta c t  w i t h  D e v o n ia n  r o c k s . N o r th  o f  th e  Tow nship  
l i n e  n e a r  Wood L a k e , th e  S a w to o th  F o rm a tio n  i s  in  c o n ta c t  w it h  D e v o n ia n  
r o c k s ,  b u t  s o u th  o f  th e  Tow nsh ip  l i n e ,  th e  S a w to o th  F o rm a tio n  i s  f a u l t e d  
o u t and ro c k s  o f  th e  R ie rd o n  F o rm a tio n  a r e  i n  c o n ta c t  w it h  D e v o n ia n  ro c k s .
I n  th e  P e t t y  C re e k  a r e a ,  th e  f a u l t  d ropp ed  ro c k s  o f  J u r a s s ic  age in t o  
c o n ta c t  w i t h  a s i l l  in t r u d e d  in t o  D e v o n ia n  r o c k s .  T h is  s i l l  a p p a r e n t ly  
does n o t  e x te n d  much f a r t h e r  to  th e  n o r th  o r  i f  p re s e n t  t h e r e ,  i t  may l i e  
a t  d e p th  i n  th e  c o re  o f  an o v e r tu r n e d  a n t i c l i n e .
The maximum s t r a t i g r a p h ie  th ro w  i s  e s t im a te d  to  be 1 ,5 0 0  f e e t .  From  
th e  r e l a t i o n s h ip  o f  i t s  t r a c e  to  to p o g ra p h y , th e  f a u l t  i s  e s t im a te d  to  
d ip  b e tw een  50 and 60 d e g re e s  to  th e  s o u th w e s t.
T h ru s t  F a u lts
S o u th w e s t-d ip p in g  t h r u s t  f a u l t s  a r e  th e  m a jo r  g e o lo g ic  s t r u c t u r e s  in  
th e  F o rd  C re e k  a r e a ,  w h ere  s l ic e s  o f  P a le o z o ic  s t r a t a  fo rm  an im b r ic a t e  
s e r ie s  o f  n o r t h w e s t - t r e n d in g  r id g e s  c h a r a c t e r is t i c  o f  th e  S a w to o th  R ange, 
Based on f a u l t  t r a c e s  and to p o g ra p h y , and on r a r e  exp o su res  o f  f a u l t  p la n e s ,  
f o u r  f a u l t s  a r e  e s t im a te d  to  d ip  betw een  30 and 40  d e g re e s  and fo u r  d ip  
b e tw een  45 and 60 d e g re e s . T h e re  i s  no c o r r e l a t io n  betw een  th e  amount o f  
d ip  o f  th e  f a u l t s  and t h e i r  g e o g ra p h ic  d i s t r i b u t i o n  in  th e  map a r e a  In  
g e n e r a l ,  th e  s t r a t i g r a p h i e  th ro w  on m ost f a u l t s  i s  g r e a t e r  th a n  2 ,0 0 0  
i  ^ e t
The f i r s t  t h r u s t  f a u l t  w e s t o f  th e  e a s te r n  map b o u n d ary  m arks th e  
x r o n t  o r th e  S a w to o th  Range and th e  w e s te rn  edge o f  th e  D is tu rb e d  B e l t ,
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T h is  f a u l t  b ro u g h t M is s is s ip p ia n  ro c k s  o v e r  K o o te n a i ro c k s  a lo n g  a 
p la n e  t h a t  d ip s  a b o u t 35 d e g re e s  to  th e  s o u th w e s t. The f a u l t  i s  
c o n tin u o u s  to  th e  n o r th  beyond th e  map b o u n d a ry , b u t a t  F ord  C re e k  
i t s  t r a c e  sw in gs s h a r p ly  to  th e  s o u th w e s t, c u ts  u p -s e c t io n  in t o  th e  
K o o te n a i and d is a p p e a rs  b e n e a th  th e  n e x t  t h r u s t  s l i c e  to  th e  w e s t .
The t r a c e  i s  s t r o n g ly  con vex  to w a rd  th e  e a s t  ; a t  th e  n o r th  i t  t re n d s  
N .45^W , b u t  a t  F o rd  C re e k  i t  t re n d s  N .2 5 ® E .
The n e x t  t h r u s t  to  th e  w e s t b ro u g h t M is s is s ip p ia n  ro c k s  o v e r K o o te ­
n a i  ro c k s  a lo n g  a  p la n e  t h a t  d ip s  41 d e g re e s  to  th e  s o u th w e s t, w here  th e  
f a u l t  s u r fa c e  i s  exposed  in  F o rd  C re e k . N o r th  o f  F o rd  C re e k , th e  J u ra s ­
s ic  and C re ta c e o u s  ro c k s  on th e  f o o t w a l l  a r e  n o t  a p p r e c ia b ly  defo rm ed  
(S e c t io n  A -A ’ ) ,  A t th e  exposed f a u l t  s u r f a c e ,  no c o n sp icu o u s  d ra g  o r  
gouge was s e e n . N e a r th e  e a s te r n  b o u n d a ry , th e  f a u l t  t r a c e  c u ts  u p -  
s e c t io n  i n  th e  h a n g in g  w a l l  b lo c k  due to  a s t r i k e  change in  th e  b e d d in g , 
p la c in g  K o o te n a i ro c k s  i n  f a u l t  c o n ta c t  w i t h  one a n o th e r .  Maximum 
s t r a t i g r a p h i e  th ro w  n o r th  o f  F o rd  C re e k  i s  e s t im a te d  a t  2 ,8 0 0  f e e t .
The n e x t  t h r u s t  to  th e  s o u th w e s t i s  th e  Red C re e k  t h r u s t  w h ic h  
c lo s e ly  p a r a l l e l s  Red C re e k  and e x te n d s  n o rth w e s t and s o u th e a s t  beyond  
th e  map b o u n d a r ie s . H e re  a d o u b ly  p lu n g in g  a s y m m e tr ic a l a n t i c l i n e  in  
J u r a s s ic  and C re ta c e o u s  ro c k s  was u p th r u s t  o v e r  a b a c k - fo ld e d ,  d o u b ly  
p lu n g in g  a n t i c l i n e  i n  C re ta c e o u s  ro c k s  (S e c t io n  A - A • The r e la t io n s h ip  
o f i t s  s u r fa c e  t r a c e  to  to p o g ra p h y  s u g g e s ts  a d ip  o f  betw een  50 and 60 
d e g re e s  f o r  th e  f a u l t  s u r fa c e .  The s t r a t i g r a p h ie  th re w  p ro b a b ly  does  
n o t e xc eed  '0 0  f e e t .
Ih e  g e o lo g ic  s t r u c t u r e  a t  C y a n id e  M o u n ta in  and i t s  to p o g ra p h ic  
e x te n s io n  s o u th e a s t  o f  F o rd  C re e k  i s  a c o m b in a tio n  o f  two t h r u s t s .  The  
r ic s te rn  t h r u s t  b ro u g h t M is s is s ip p ia n  ro c k s  t h a t  fo rm  th e  su irm it o f  C y a n id e
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M o u n ta in  o v e r  K o o te n a i ro c k s  a lo n g  a p la n e  e s t im a te d  to  d ip  a b o u t 38 
d e g re e s  to  th e  s o u th w e s t . The s t r a t i g r a p h ie  th ro w  is  e s t im a te d  to  be 
2 ,8 0 0  f e e t .  K o o te n a i ro c k s  b e lo w  th e  t h r u s t  n e a r  th e  n o r th e r n  map 
b o u n d ary  w ere  d ra g g e d  in t o  o v e r tu r n e d  and i s o c l i n a l  f o ld s  (S e c t io n  A - A ' ) ,
I n  th e  v i c i n i t y  o f  P e t t y  C re e k , K o o te n a i f o ld s  a r e  n e a r ly  s y irm ie tr ic a l  
( S e c t io n  C - C ' ) .  Some gouge and b r e c c ia  w ere  n o t ic e d  a lo n g  th e  f a u l t  zone  
n e a r  F o rd  C re e k .
I n  th e  a r e a  j u s t  w e s t o f  th e  sum m it o f  C y a n id e  M o u n ta in , th e  
w e s te rn  t h r u s t  b ro u g h t D e v o n ia n  ro c k s  o v e r M is s is s ip p ia n  ro c k s  a lo n g  a 
p la n e  e s t im a te d  t o  d ip  a b o u t 50  d e g re e s  to  th e  s o u th w e s t. N e a r th e  
C y a n id e  M o u n ta in  sum m it and f u r t h e r  s o u th e a s t ,  D e v o n ia n  ro c k s  w ere  
d e fo rm ed  i n t o  f o ld s ,  p ro d u c in g  a s t r o n g ly  s h e a re d  zone (S e c t io n s  A -a '
& C - C * ) .  The u n d e r ly in g  M is s is s ip p ia n  ro c k s  a t  th e  f a u l t  c o n ta c t  
w ere  d e fo rm ed  in t o  a s e r ie s  o f  d ra g  f o ld s  w it h  a m p litu d e s  o f  a p p r o x i­
m a te ly  5 f e e t ,  exposed on th e  n o r th e a s t  s id e  o f  C y a n id e  M o u n ta in ,
The s t r a t i g r a p h i e  th ro w  i s  a p p ro x im a te ly  2 ,8 0 0  f e e t .
A t h r u s t  f a u l t  j u s t  w e s t o f  Wood Lake  b ro u g h t a s l i c e  o f  D e vo n ian  
ro c k s  o v e r  K o o te n a i ro c k s  a lo n g  a p la n e  e s t im a te d  to  d ip  betw een  40 and 50  
d e g re e s  t o  th e  s o u th w e s t. The f a u l t  c o n tin u e s  to  th e  n o r th w e s t f o r  ab o u t 
a m i le  beyond th e  map b o u n d a ry , b u t i s  c o n c e a le d  by a l lu v iu m  n e a r  i t s  
s o u th e rn  te r m in u s ,  w here map r e l a t i o n s  in d ic a t e  t h a t  i t  t r u n c a te s  th e  
Wood L ak e  n o rm a l f a u l t .  S t r u c t u r a l  and s t r a t i g r a p h ie  r e la t io n s h ip s  sug­
g e s t th e  f a u l t  c o n t in u e s  s o u th e a s t  f o r  a b o u t 2 m i le s ,  w here i t  i s  t r u n c a te d  
Dj he - *1 / = '■ hr u s t .
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The L e w is  t h r u s t ^ ,  a  m a jo r  f a u l t  w i t h  a s t r a t i g r a p h ie  th ro w  t h a t  
exceed s  5 ,0 0 0  f e e t ,  b ro u g h t a s i l l ,  P re c a m b ria n  and C am b rian  ro c k s  o v e r  
D e v o n ia n , J u r a s s ic  and C re ta c e o u s  ro c k s  « The f a u l t  t r a c e  t re n d s  a p p r o x i­
m a te ly  Ne45^W n o r th  o f  S e c t io n  B—B * , and p a r a l l e l s  u p p e r Ford  and Wood 
C re e k s  f o r  a d is t a n c e  o f  a b o u t t h r e e  m ile s c  The s o le  o f  th e  t h r u s t  i s  
i n  th e  s i l l  a lo n g  i t s  n o r th w e s te r n  t r a c e ,  b u t  c u ts  up s e c t io n  in t c  P r e ­
c a m b ria n  and C am b rian  ro c k s  s o u th  o f  F o rd  C re e k , A lo n g  i t s  t r a c e  in  a 
s o u th e a s t e r ly  d i r e c t i o n ,  th e  s i l l  and P re c a m b ria n  ro c k s  a re  in  c o n ta c t  
w it h  D e v o n ia n  r o c k s ,  and C am b rian  ro c k s  a r e  in  c o n ta c t  w i t h  a you nger  
s i l l  and w i t h  J u r a s s ic  and C re ta c e o u s  ro c k s  t h a t  w ere  d o w n -fa u lte d  
a lo n g  th e  ^A/bod L ak e  f a u l t  (S e c t io n  C - C * ) .  Because o f  i t s  a r c u a te  t r a c e ,  
th e  t h r u s t  t r u n c a t e s  th e  Wood L ak e  f a u l t  and i t s  e x te n s io n  in  th e  P e t ty  
C re e k  a r e a .  Based on s u r fa c e  t r a c e  and to p o g ra p h y , th e  t h r u s t  p la n e  is  
e s t im a te d  to  d ip  b e tw een  45 and 50 d e g re e s  to  th e  s o u th w e s t a t  P e t t y  
C re e k .
I n  th e  e x tre m e  s o u th w e s t c o rn e r  o f  th e  map a r e a ,  a t h r u s t  f a u l t  
b ro u g h t P re c a m b r ia n  A horn  a r g i l l i t e  o v e r  D e v o n ia n  s t r a t a  on th e  s o u th w e s t  
l im b  o f  th e  S t r a ig h t  C re e k  a n t i c l i n e  (S e c t io n  C - C * ) .  The f a u l t  c o n ta c t  
i s  w e l l  d e f in e d  b ec au se  o f  th e  s h a rp  c o n t r a s t  b etw een  re d  B e l t  a r g i l l i t e  
and u n d e r ly in g  l i g h t  g ra y  D e v o n ia n  r o c k s . The f a u l t  s t r ik e s  N.SO^W and  
IS  e s s e n t i a l l y  p a r a l l e l  to  th e  s t r i k e  o f  th e  D e v o n ia n  ro c k s . The D e vo n ian
1 The name a p p l ie d  to  t h i s  f a u l t  by D e is s  (1 9 4 3 a , P .z lu j i  a t  a 
l o c a t io n  6 m ile s  n o r th w e s t  o f  Wood L a k e , and a ls o  used by 
A lp h a  (1 9 5 5 ,  P . 1 3 0 ) ,  On th e  r e c e n t ly  p u b lis h e d  g e o lo g ic  map 
th e  P r e t t y  P r a i r i e  q u a d ra n g le , Mudge has d e s ig n a te d  t h is  
s t r j ' t u r e  th e  S o u th  F o rk  T h r u s t  Zone (U .S . G e o lo g ic a l  S u rvey  
Map GQ -  4 5 4 ) ,
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ro c k s  a r e  n o t  a p p r e c ia b ly  b r e c c ia t e d  a t  th e  f a u l t  z o n e , b u t f l o a t  fro m  
th e  B e l t  a r g i l l i t e  was fo u n d  to  be s l ic k e n s id e d .  Based on to p o g ra p h y  and 
i t s  s u r fa c e  t r a c e ,  th e  f a u l t  i s  e s t im a te d  to  d ip  a b o u t 45 d e g re e s  to  th e  
s o u th w e s t . The s t r a t i g r a p h ie  th ro w  i s  p ro b a b ly  g r e a t e r  th a n  5 ,0 0 0  f e e t .
LEWIS THRUST
IPCbo .. Du
F ig u r e  8 .  V ie w  lo o k in g  n o r th w e s t  a lo n g  a f a u l t - l i n e  v a l l e y ,  
P re c a m b r ia n , C am b rian  and D e v o n ia n  ro c k s  on l e f t  
t h r u s t  o v e r  D e v o n ia n  ro c k s  on r i g h t .  V iew ed  fro m  
s o u th  s lo p e  o f  C y a n id e  M o u n ta in .
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Sequence o f  G e o lo g ic  E v e n ts
The C o r d i l l e r e n  G e o s y n c lin e  and th e  S w e e tg ra s s  A rc h  a r e  b ro a d  
r e g io n a l  e le m e n ts  w h ic h  w e re  e s t a b l is h e d  e a r l y  i n  th e  e a r t h 's  h is t o r y  
and h a v e  re m a in e d  i n  t h e i r  r e l a t i v e  p o s it io n s  s in c e  P re c a m b ria n  t im e .
The C o r d i l l e r a n  G e o s y n c lin e  i n  W e s te rn  M ontana r e c e iv e d  a p p ro x im a te ly  
4 0 ,0 0 0  f e e t  o f  P re c a m b r ia n  B e l t ia n  s e d im e n ts , b u t none a r e  known on th e  
S w e e tg ra s s  A rc h - T h e re  i s  no e v id e n c e  f o r  in te n s e  d e fo rm a t io n  i n  th e  
a r e a  p r i o r  to  th e  L a ra m id e  O ro g e n y , a lth o u g h  a  s l i g h t  u n c o n fo rm ity  b e ­
tw een  th e  P re c a m b r ia n  and C a m b rian  system s i s  i n d i c a t i v e  o f  some c r u s t a l  
w a rp in g  and e r o s io n  p r i o r  to  M id d le  C am brian  t im e  (D e is s ,  1 9 3 9 , Pc 3 1 ) -
P a le o z o ic  s e d im e n ta t io n  i n  W e s te rn  M ontana began w i t h  th e  t r a n s ­
g r e s s io n  and d e p o s i t io n  o f  s e d im e n ts  fro m  M id d le  C am brian  to  Low er O r d i— 
v i c i a n  t im e .  I n  th e  map a r e a ,  th e  F la th e a d  S andstone  o v e r la p s  t r u n c a te d  
B e l t i a n  s t r a t a .  I n  th e  S w e e tg ra s s  A rc h  a r e a ,  th e  F la th e a d  r e s t s  on th e  
basem ent co m p lex  (A lp h a , 1 9 5 5 , P . 3 1 ) .  T h is  s e d im e n ta t io n  c y c le  was 
c lo s e d  b y  r ^ o n a l  u p l i f t  and e r o s io n  o f  lo w e r  O r d iv ic ia n  and p a r t  o f  
th e  U p p er C am b rian  s t r a t a  fro m  p o r t io n s  o f  W e s te rn  M ontana and fro m  th e  
S w e e tg ra s s  A rc h  a r e a .  The n e x t  d e p o s i t io n a l  c y c le  began w i t h  t r a n s g r e s s io n  
and d e p o s i t io n  o f  s e d im e n ts  fro m  l a t e  D e v o n ia n  to  l a t e  M is s is s ip p ia n  
t im e .  P e n n s y lv a n ia n  and p r o b a b ly  a ls o  P e rm ia n  s e d im e n ts  w ere d e p o s ite d  
xn th e  map a r e a ,  b u t  w e re  l a t e r  rem oved by e r o s io n .  T h e re  a r e  no M e s o zo ic  
s e d im e n ts  w i t h in  th e  mapped a r e a  o f  p r e -M id d le  J u r a s s ic  a g e .
M id d le  J u r a s s ic  d e p o s i t io n  commenced w i t h  t r a n s g r e s s io n  and d e p o s i­
t i o n  o f  th e  E l l i s  Group on a  w e l l -d e v e lo p e d  M ad iso n  e r o s io n a l  s u r fa c e ,  
^ j r i n g  l a t e  J u r a s s ic  and e a r l y  C re ta c e o u s  t im e ,  th e  a r e a  was a lo w - ly in g
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la n d  a r e a  i n  w h ic h  muds acc u m u la ted c  D u r in g  m id d le  and l a t e  C re ta c e o u s  
t im e ,  th e  a r e a  p ro b a b ly  r e c e iv e d  s e d im e n ts  t h a t  w ere  rem oved by e r o s io n  
f o l lo w in g  ^ a ra m id e  d e fo r m a t io n .
T h re e  p h ases  o f  L a ra m id e  d e fo r m a t io n  a r e  re c o g n iz e d  i n  th e  map a r e a :  
( 1 )  an e a r l y  com pjjBssional phase  w h ic h  p ro d u ced  f o ld s  fo llo w e d  by  
im b r ic a t e  t h r u s t in g ,  (2 )  a phase o f  r e l a x a t io n  o f  c o m p re s s iv e  fo r c e s  
w h ic h  p ro d u c e d  n o rm a l f a u l t s  and ( 3 )  a  l a t e r  c o m p re s s io n a l phase w h ic h  
p ro d u ced  o v e r t h r u s t in g .
The e a r l y  c o m p re s s io n a l phase p ro d u ced  th e  im b r ic a t e  s t r u c t u r e  e a s t  
o f  th e  Wood L a k e  n o rm a l f a u l t .  I n  th e  n o r th e a s te r n  a r e a ,  th e  second t h r u s t  
f a u l t  w e s t o f  th e  e a s te r n  map b o u n d ary  i s  y o u n g er th a n  th e  f i r s t  t h r u s t  
b ec au se  i t  t r u n c a t e s  th e  a r c u a te  t r a c e  o f  th e  f i r s t  f a u l t  on i t s  s o u th  end  
and a t  th e  n o r t h  end beyond th e  map b o u n d a ry .
A t e n s io n a l  phase i s  i n f e r r e d  to  e x p la in  th e  h ig h -a n g le  N o rth  
F o rk  and Wood L a k e  n o rm a l f a u l t s .  The N o r th  F o rk  f a u l t  t r u n c a te s  fo ld s  
i n  J u r a s s ic  ro c k s  n o r th  o f  F o rd  C re e k . The w e s t b lo c k  was dow nthrow n r e ­
l a t i v e  to  th e  e a s t  b lo c k ,  h a v in g  a s t r a t i g r a p h ie  th ro w  o f  a p p ro x im a te ly  
500  f e e t .  The w e s t b lo c k  o f  th e  Wood L a k e  f a u l t  was dow nthrow n r e l a t i v e  
to  th e  e a s t  b lo c k ,  t r u n c a t in g  s o u th w e s t -d ip p in g  J u r a s s ic  ro c k s  n o r th  o f  
Wood L a k e . S o u th  o f  Wood L a k e , th e  f a u l t  t r a c e  d is a p p e a rs  b e n e a th  a 
t h r u s t  s l i c e  i n  D e v o n ia n  r o c k s .  The f a u l t  re a p p e a rs  i n  th e  P e t t y  C re e k  
a r e a  w h e re  i t  b ro u g h t ro c k s  o f  J u r a s s ic  age  i n  c o n ta c t  w ith  a  s i l l .
The l a t e r  c o m p re s s io n a l phase f i r s t  b ro u g h t a t h i n  s l i c e  o f  D e v o n ia n  
ro c k s  o v e r  C ie ta c e o u s  ro c k s  a lo n g  a  f a u l t  t h a t  p a r a l l e l s  Wood Lake  on th e  
s o u t h w e s t  s id e .  T h is  f a u l t  t r u n c a te s  th e  Wood L ake  n o rm a l f a u l t  j u s t  
s o u th e a s t  o f  Wood L a k e . T h is  e v e n t  was fo l lo w e d  by t h r u s t in g  on th e
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L e w is  f a u l t ,  w h ic h  b ro u g h t a s i l l  and P re c a m b ria n  ro c k s  o v e r  D e v o n ia n  ro c k s  
and C a m b rian  ro c k s  o v e r  C re ta c e o u s  ro c k s  on th e  dow nthrow n s id e  o f  th e  
Wood L a k e  f a u l t  n e a r  P e t t y  C re e k . The L e w is  t h r u s t  t r u n c a te s  th e  p re c e d in g  
t h r u s t  f a u l t  j u s t  s o u th  o f  F o rd  C re e k  and i s  th e  y o u n g e s t d a ta b le  s t r u c t u r e  
i n  th e  s o u th w e s te rn  a r e a .  The t h r u s t  f a u l t  i n  th e  e x tre m e  s o u th w e s t  
c o r n e r  o f  th e  map a r e a  c a n n o t be d a te d  fro m  map e v id e n c e . The f i n a l  e v e n t  
o f  th e  L a ra m id e  O ro g e n y , w h ic h  i s  n o t  r e p r e s e n te d  i n  th e  map a r e a ,  was th e  
d e v e lo p m e n t o f  m a jo r  h ig h - a n g le  n o rm a l f a u l t s  w h ic h  o f f s e t  th e  L e w is  t h r u s t  
i n  th e  M a r ia s  P ass a r e a  ( C h i ld e r ,  1 9 6 3 , P . 1 3 9 ) ,  and d is p la c e d  e a r l i e r  lo w -  
a n g le  n o rm a l f a u l t s  and u n d e r ly in g  t h r u s t  f a u l t s  in  th e  Saypo q u a d ra n g le  
( D e is s ,  1 9 4 3 a , p . 2 5 7 ) .
The o c c u r re n c e  o f  a b r i e f  t e n s io n a l  phase b etw een  p e r io d s  o f  com pres­
s io n  i s  h e r e  re c o g n iz e d  i n  a  s m a ll  p a r t  o f  th e  S aw to o th  R ange. P re v io u s  geo­
l o g i c a l  in v e s t ig a t io n s  i n  W e s te rn  M ontana have  n o t  y ie ld e d  a s i m i l a r  s e -
1
quence o f  e v e n ts  d u r in g  th e  L a ra m id e  o ro g e n y . Based on s t r a t i g r a p h ie  
r e l a t i o n s h ip s  and on th e  p re m is e  t h a t  t h r u s t  f a u l t s  p u t o ld e r  ro c k s  o n to  
y o u n g e r , th e  m ost l o g i c a l  e x p la n a t io n  f o r  th e  o c c u rre n c e  o f  J u r a s s ic  ro c k s  
on D e v o n ia n  ro c k s  j u s t  n o r th e a s t  o f  Wood L ak e  i s  th ro u g h  n o rm a l f a u l t i n g .
The seq uence  and m ech a n ic s  o f  d e fo rm a t io n  in  th e  S aw to o th  Range i s  
open to  c o n t r o v e r s y .  D e is s  (1 9 4 3 , P . 2 4 9 ) s t a t e d  t h a t  th e  o ld e s t  f a u l t s  
i n  th e  S a w to o th  Range a r e  i n  th e  e a s t ,  s u g g e s t in g  an e a s t  to  w e s t d e v e lo p ­
m ent o f  th e  S a w to o th  s t r u c t u r e .  D e is s  (1 9 4 3 , P .2 5 b )  a l& o  s t a t e d  t h a t
E x a m in a tio n  o f  g e o lo g ic  maps o f  th e  P r e t t y  P r a i r i e  and  
p £ '■ r: ~ k *s  B a s in  q u a d ra n g le s  r e c e n t ly  p u b lis h e d  by Mudge 
(L  5 . G e o lo g ic a l  S u rre y  Maps GQ 454 and GQ 4 5 3 ) s u p p o rt  
tiTi-d i n t e r p r e t a t i o n  o f  t e n s io n a l  f a u l t i n g  w h ic h  fo llo w e d  
an e p is o d e  o f  t h r u s t in g  and was i n  t u r n  fo l lo w e d  by 
renew ed  t h r u s t in g .
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th e  L e w is  t h r u s t  i n  th e  Saypo q u a d ra n g le  t r u n c a te s  th e  w e s te rn m o s t h ig h -  
a n g le  t h r u s t ,  and c o n c lu d e d  t h a t  th e  t h r u s t  i s  y o u n g e r th a n  th e  S a w to o th  
s t r u c t u r e .  A lp h a  (1 9 5 5 ,  p . 1 3 6 )  e la b o r a te d  by s t a t i n g .  . . " i t  i s  p o s tu ­
l a t e d  t h a t  th e  S a w to o th  Range e x is t e d  f i r s t  and t h a t  th e  ra n g e  was to o  
h ig h  s t r u c t u r a l l y  and t o p o g r a p h ic a l ly  to  be o v e r r id d e n ."  He e x p la in e d  
t h a t  th e  M a r ia s  P ass t r a n s v e r s e  f a u l t  and th e  S c a p e g o a t-B a n n a ty n e  T re n d  
(D o b b in  and Erdm ann, 1 9 5 5 ) ,  a  t r a n s v e r s e  f a u l t  zone s o u th  o f  th e  map a r e a ,  
f a c i l i t a t e d  th e  e a s tw a rd  movement o f  th e  L e w is  t h r u s t  n o r th  and s o u th  o f  
th e  S a w to o th  R ange. H o w e v e r, Ross (1 9 5 6 , p . 1 0 0 ) and C h i ld e r s  (1 9 6 3 ,  p . 1 6 0 )  
c o n c lu d e d  t h a t  th e  M a r ia s  Pass t r a n s v e r s e  f a u l t  does n o t  e x i s t .
C h i ld e r s  (1 9 6 3 ,  p . 1 6 0 )  n o te s  t h a t  th e  s t r u c t u r e s  i n  th e  p a r t  o f  th e  
S a w to o th  Range mapped by D e is s  a r e  p a r a l l e l  to  th e  s t r u c t u r e s  w e s t o f  th e  
L e w is  o v e r t h r u s t ,  b u t  n e a r  M a r ia s  Pass t h e r e  i s  a s i g n i f i c a n t  d is c o rd a n c e »  
He i n t e r p r e t s  th e  S a w to o th  Range s t r u c t u r e  as a s a l i e n t  w h ic h , a t  i t s  
n o r t h  e n d , p lu n g e s  b e n e a th  th e  s o u th  end o f  th e  C la r k e  Range s a l i e n t .  He 
a ls o  s t a t e d  t h a t  th e  n o r th  end o f  th e  S a w to o th  Range s a l i e n t  r e f l e c t s  
d i f f e r e n t i a l  movement b ec au se  o f  v a r y in g  am ounts o f  c o u n te r -c lo c k w is e  
r o t a t i o n  o f  th e  P a le o z o ic  and M e s o zo ic  ro c k s  w i t h in  th e  n o r th  en d . Because  
o f  p a r a l l e l i s m  b e tw een  th e  s t r u c t u r e s  e a s t  and w e s t o f  th e  d is c o r d a n t  n o r th  
end o f  th e  S a w to o th  Range s a l i e n t ,  C h i ld e r s  i n t e r p r e t s  a s ta g e  o f  c o n c o r­
d a n t d e fo r m a t io n  th ro u g h o u t th e  a r e a  b e fo r e  th e  S a w to o th  Range s a l i e n t  
d e v e lo p e d .
Regional e v id e n c e  s u g g e s ts  a  w e s t - t o - e a s t  d e v e lo p m e n t o f  th e  S a w to o th  
s t r u c t u r e .  Hume (1 9 5 7 ,  p . 4 0 1 )  s t a t e d  t h a t  th e  o r d e r  o f  d ev e lo p m en t o f  
th e  f o o t h i l l s  s t r u c t u r e  i n  s o u th e rn  A lb e r t a  was fro m  w e s t to  e a s t .  He 
i n t e r p r e t s  th e  L e w is  o v e r t h r u s t  as  n o t  o v e r r id in g  th e  f o o t h i l l s  s t r u c tu r e ^  
v-ra.-i:her“ th e  f o o t h i l l s  s t r u c t u r e  d e v e lo p e d  b e lo w  th e  L e w is  t h r u s t  i n  s l ic e s
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t h a t  moved upw ard  and o u tw a rd  fro m  u n d e r  th e  L e w is  t h r u s t .  He c o n c lu d e d  
t h a t  t h r u s t in g  began  i n  th e  w e s t w i t h  o ld e r  t h r u s t  s h e e ts  m oving  e a s t ­
w ard  on y o u n g e r t h r u s t  s h e e ts .
C h i ld e r s  (1 9 6 3 ,  p . 1 6 2 ) has shown by d ia g ra m  a  h y p o t h e t ic a l  s t r u c t u r e  
s e c t io n  o f  i n c i p i e n t  f a u l t s  i n  th e  s t r a t i f i e d  ro c k s  o f  n o r th w e s te rn  
M o n tan a  when d e fo r m a t io n  began ( F ig u r e  9 ) .  I n  th e  S a w to o th  R ange, he  
b e l ie v e s  t h a t  movement began on l a  and c o n tin u e d  on l b ,  I c ,  I d  and l e ,  b u t  
m ovem ents on 2 ,  3 and 4 a r e  in c re a s e d  s o u th e a s tw a rd  to  a maximum n e a r  th e  
m id d le  o f  th e  r a n g e . A ls o ,  th e  P a le o z o ic  ro c k s  may be fo ld e d  due to  
d i f f e r e n t i a l  movement on an y  o f  th e  m a in  b ra n c h  f a u l t s .
I t  i s  b e l ie v e d  t h a t  th e  t h r u s t  f a u l t s  in  th e  F o rd  C re e k  a re a  e a s t  o f  
Wood L ak e  d e v e lo p e d  f i r s t  and a r e  r e p r e s e n te d  h y p o t h e t ic a l ly  i n  F ig u r e  9 
by f a u l t s  2 ,  3 and 4 ,  a lth o u g h  i t  i s  n o t  p o s s ib le  to  r e l a t e  s p e c i f i c  
f a u l t s  i n  th e  map a r e a  to  num bered f a u l t s  i n  th e  d ia g ra m  o r  to  s t a t e  
t h e i r  s e q u e n t ia l  o r d e r  o f  d e v e lo p m e n t (e x c e p t  t h a t  th e  e a s te rn m o s t  
t h r u s t  i s  o ld e r  th a n  th e  n e x t  t h r u s t  to  th e  w e s t ) .  F o llo w in g  a p e r io d  
o f  n o rm a l f a u l t i n g ,  renew ed  c o m p res s io n  p ro d u ced  th e  L e w is  t h r u s t  and  
th e  t h r u s t  im m e d ia te ly  e a s t  o f  i t  n e a r  Wood L a k e . The t h r u s t  i n  D e vo n ian  
ro c k s  n e a r  Wood L ak e  may h y p o t h e t i c a l ly  be re p re s e n te d  by f a u l t  I c  and  
th e  L e w is  t h r u s t  by l b  on F ig u r e  9 , and th e y  d e v e lo p e d  i n  t h a t  o r d e r .
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F ig u r e  9 . H y p o t h e t ic a l  p a t t e r n  i n  v e r t i c a l  s e c t io n  o f  i n c i p ie n t  
f a u l t s  i n  th e  s t r a t i f i e d  ro c k s  o f  n o r th w e s te rn  M ontana  
id ie n  d e fo r m a t io n  b eg an . ( A f t e r  C h i ld e r s ,  1 9 6 3 , p . 1 6 1 ) .
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APPENDIX
P é tr o g r a p h ie  T h in  S e c tio n s
T h in  Sec. 
Number L o c a t io n
P re c a m b r ia n
277A A h o rn  s i l t y  a r g i l l i t e ,  b as e  o f  
e x p o s u re SW% o f Sec. 8 , T .1 9 N , R. 9W
277D A h o rn  s a n d s to n e , to p  o f  fo r m a t io n SW% o f Sec. B, T . 19N , R. 9W
C am b rian
278 F la th e a d  s a n d s to n e SW^ o f Sec. 8 , 'r .  19N , ]R. 9W
282 D a m n atio n  l im e s to n e SW% o f Sec, 8 , T . 19N , R. 9W
283 D e a rb o rn  l im e s to n e SW% o f Sec. 8 , T .1 9 N , R. 9W
287 Pagoda l im e s to n e SE% o f Sec. 7 , T .1 9 N , R. 9W
288A S team b o at l im e s to n e ,  lo w e r  p a r t SE% o f Sec. 7 , T . 19N, R.9W
288B S team b o at d o lo m it ic  l im e s to n e ,  
u p p e r  p a r t SE% o f Sec. 7 , T . 19N, R. 9W
290A D e v i ls  G le n  o o l i t i c  and p e l l e t a i  
l im e s to n e ,  lo w e r  p a r t SE% o f Sec. 7 , T . 19N, R. 9W
290B D e v i ls  G le n , o o l i t i c  and p e l l e t a i  
l im e s to n e ,  m id d le  p a r t SE% o f Sec. 7 . T . 19N , R.9W
290C D e v i ls  G le n  d o lo m it ic  l im e s to n e ,  
u p p e r  p a r t
D e v o n ia n
SE% o f Sec. 7 , T .1 9 N , R. 9W
205G D e v o n ia n  d o lo m ite ,  lo w e r  t w o - t h i r d s o f B e e . 3 1 , T. 20N , R. 9W
20 5J D e v o n ia n  d o lo m ite ,  lo w e r  t w o - t h i r d s NW% o f Sec. 3 1 , T .2 0 N , R. 9W
315 D e v o n ia n  f o s s i l i f e r o u s  l im e s to n e ,  
u p p e r  t h i r d SW% o f Sec. 2 1 , T . 19N, R. 9W
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T h in  Sec. 
Number
17 lA  
17 IB
L o c a t io n
M is s is s ip p ia n
A l l a n  M o u n ta in  l im e s to n e  NW% o f  Sec. 1 2 , T . 19N , R. 9W
C a s t le  R e e f f o s s i l i f e r o u s  l im e s to n e  NE% o f  Sec. 1 1 , T . 19N , R .9W
11
12
J u r a s s ic  
R ie r d o n . f o s s i l i f e r o u s  l im e s to n e  
S w if t  s a n d s to n e
NE% o f  Sec, 1 1 , T . 19N , ' R. 9W 
NE% o f  Sec. 1 1 , T .1 9 N ,  R. 9W
13
C re ta c e o u s
K o o te n a i b a s a l  s a n d s to n e NE% o f  Sec. 1 1 , T . 19N , R. 9W
323
257
Ig n e o u s  Rocks  
Q u a r tz  d i o r i t e  
Q u a r tz  d i o r i t e  to  d ia b a s e
o f  Sec. 8 ,  T . 19N , R. 9W 
NW% o f  Sec. 2 2 , T .1 9 N , R.9W
